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ABSTRACT 
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In the following pages Dr. VVayne D. Van Huj 
and Dr. Wlllfam W. Heusner, Professors of Phyf 
leal Education; Michigan State University, afd 
active researchers In M9U'9 Uupian Energy Re- 
search L'aboratorV, prbvlde for the professional 
fields of health, physical education, and reorea- 
tlon an overview of the KiASA studies that/deal 
with the effects '.of space flight ort the fjlimgo 
organism. 

The authors orient their readers Ho the/setting 
of these life scien|^, studies, particu'la/ly Sky- 
lab's experiments, within the gpace program's 
vast range of projects and tfieir nfumerous 
so6ietal benefits. , For graduate students, re- 
searchers, and ^xfirectors of researcli, for In- 
structional staff members dee^ilng wi|h physical 
fitness and measurement, and for/ state and 
local professional leaders io health, physical 
educatiort, and recreationj "the authors have 
opened the doors to new fields o| study and 
new clues to principles of practlcel Their work 
is suppleniented by usefful 'bibliographies, 
Sburce lists, and charts anc^' tablesi 

In line with its mandate "to expand human 
knowledge of 'phenomena ' in the atmosphere 
and. space" and, "to dlsseminali^ irtformation 
concerning these activities an^ the results 
thereof," NASA is pleased /to makie this publica- 
tion available. It appreciates the /opportunity to 
work on this project with the leadership of the 
American Alliance for'Hdalth, Rhysical Educa- 
tion, Recreation, and Diince, jtarticularly Dr. 



Raymond fit. CIszek, the Alliance's Associate 
Executive Director, who had responsibility fgr 
this project, and Professors Van Huss and 
Heusnep, the authoj^s, •'NASA a|soiappriB<sii|it0«i> 
the helpful guidance prpvided to the author^ by 
the Life Science staffs at NASA Headquarters 
and the NASA Lyndon B. Johnson, Space Cen- 
ter, and by the authors' colleagues,' friends, and 
students. The NASA technical monitor for this 
project was Dr. Wayland E. Hull, Technical As- 
sistant to the Director of Life Sciences, J^nson 
Space Center. Project coordinator was Dr. f. 
B. Tuttle, former director of NASA's educational 
programs. 

Special acknowledgement Is made of the con- 
tribution of . Dr. William C. Schneider, NASA's 
Associate Administrator. for Space Tracking and 
Data Systems, who, When Director of the Sky- 
lab Program, gave the necessary encourage- 
ment and support to make this.project possible. 



National Aeronautics and Space Administration 
Washington, D.C. 
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Chapter I 
Introduction" 



Interest in the development of rockets as po- 
tential Vehjcles for space travel was evident as 
eilrly as World War I. Dr.^Robert Qoddard of the 

JJnited .States tibstpd the \\rsl liquid propellant 
rocl<et in 1923 (ref. 1-1). Dr. Hermann Oberth , 

4nKGefniany published his doctoral thesis *'Dia 
Roketd ZLT cJen Pnarreten rau men-' (By Rocket to - 
Interpianqtary Spaas) the same year (fefs^f-2^ -. 
and I--3). 

Dr. Goddard continuied his rocket develop- 
ment with Guggenheim -Fund and Smithsonian 
Institution support and then later became in- 
volved in military applications. Among God- 
dard's significant developments were the im-* 
portant propellant pump for liquid rockets and 
the bazooka for army use (ref. 1-4), - 

Pr. Oberth "^ijWished several p^erback 
books. They r5?5eived ^o nruich attention that 
he was recruited as the technical advispr for a 
science fiction movie ill 1930. His real interest, 
however, was in thejesting of hlsjcjeas with a 
working model. During his brief moyie career, 
he attempted to build such a model. A 17-year- 
old volunteer helper who joined him iru this 
work, the late Dr. Wernher von Braun, was 
destined to becorhe a giant in rocketry. 

Although a German rocket organization was 
form^ed, little money was available for research 
and development. The model built by Oberth 
and his colleagues was never tested, but 
Johannes Winkler ^id build and test a liquid 
propellant rocket in Germany in 1931 (refs. 1-2, 
1-^3, 1-5, and 1-6). Ofily .when the military sig- 
nificance of the rocket was recognized did re- 
search funds beqome available. By 1937, the 
German Rocket Research Center ^ at Peene- 
munde was built. The Peenemunde group de- 
veloped the V-2 missile utijUlng the original 
Ideas of Goddard and Oberth! - 

When the Germans recognjzdd that World War 
ll'was lost, the Peenemunde scientists decided 
to surrender to the Americans with Ihe hope of 
continuing their work. Some 300 train-car loads 
of V-2 parts were transported from Q0rmany to* 
t|ie United States. Only days later, Ppenemunde 
was^captui^ed by the Soviets alo/ig with 9 con^'-^ 
side'rable quantitj^ of parts that had been 
left behind (refs. 1-5 and 1-6). In^945, the mer- 
man scientists came to White Sands, New MeXj 



ico, to wbrk'with the Americans. It Is ironic and 
unfortunate that Dr. Goddard died that year. 

Development of a 
Manned Launch vehicle 

i DuringL the period from 1950 to 1960, interest 
in sateliiteV lon^-range bliilistic missiles, and 
especially the placing ;of man in orbit increased. 
It was an intensive period of investigation In 
rocket development. ^Many fuels were studied 
in the search for greater reliability, higher ex- 
haust velocities, less weight, lighter thrusf 
chambers, and higher combustion pressures. 
A point of historical significance's that God-- 
dard founded the fi^ld of Hquid propulsion 
(refs. I~1 and 1-4) and that tl^e V-2 served as 
the model for subsequent large liquid-fuel 
rockets (ref. I~5). The Army Redstone rocket, 
used ^for the initial suborbital flights of Alan 
Shepard and Virgil Grissom in 1961, was a di- 
rect, descendant of the V-2 and was developed 
essentially by the Peenemunde team. The larger 
rockets from Atlas to Saturn V, used for the 
Moon missions, have been of the same basic 
type (refs. 1-5, k6, and 1-7). The history of 
rocket development is covered in references 1-1 
through 1-7. 

The early missions; necessarify, were chiefly 
devoted to the ' engineering developments 
needed to get astronauts into space and back. 
With the development of the Saturn V for the 
Apollo Moon missions, in 1968-72, a reliable 
vehicle became available with suffigient power 
to^propel astronauts into Space and bring them* 
back without^undue risk. The engineering goal 
for thi^ generation of space vehicles had been 
accomplicped. 

Formation of a Viable Space Agency 

Rocket development continued after World 
War II primarily because of military missile 
priorities, including the construction of Inter- 
continental Ballistic Missiles (ICBMs) capable 
of .delivering nuclear warheads. Although there 
was gredt interest in peacetime applications ot 



space tecJfinology, the xhai^nels for adequ|ite 
support of research arict^ilevelopment did not 
/exist. When the ^oviets Ja'unched their first 
artificial, satellite (Sputnik 1) on October 4, 
1957, the iiYipact oh thb American puljlic was 
resounding, A Space Task Force of 35 experts 
was organized to put together a U^. space pro- 
gram. In October 195§, the National Aeronautics 
and Space Administration (NASA) was formfed. 
It was modestly funded for' the task at hand, 
and Project Mercury began. 

The Soviets further electrified the vyorld on 
April 12, 1961. by the orbital flight of Yuri Ga- 
garin in Vostok 1. The payload far exceeded 
ogr capabilities at the time. We were danger- 
ously behind, and the American public didn't 
like if. A mcyhth later, on May 25. 1961, Presi- 
dent Kennedy served notice that the United 
States must catch 'up with the U.S. S.R.'s -space 
achievements: In August of that year, he pre- 
^sented to Congress a program aimed at putting 
^'tjii^Q,, OX) the tyiopn before 1^70.3 The program 

President es'tl mat the un(3ertaking would 
ultimately cost billions of dollars. In retrospect, 
ithe Soviets had done us a service in- that their 
successes motivated our ovyn scientific and ad-* 
' ministrative developments. 

NASA leadership mobilized industry, science, 
and technology into a productive entity. The 
systems approach used in the solution of the 
technological problems of manned space flight 
serves as a viable model, for many areas of 
applied research. The objq^tives of each stage 
4jf development were made clear. ^ What ap- 
peared initially* to be huge, insurmountable 
problems were subdivided and systematically 
solved or circumvented.. . 

People in Space 

Weightlessness and the austere environment 
of space opened a new field of investigation — 

' space biology. Human beings had never before 
attempted to live in zero gravity. The first ques- 
tion was simple: Could individuals exist in 
space at all? Before anyone actually went into 
space, there was controversy concerniiig even 
the ability to swallow food in the weightless 
condition. Ample cause idt concern existed be- 
cause manned space flipht involves the simul- 
taneous application of multiple environmental' 
stresses: weightlessness, -ionizing Radiation,* 

' templerature anrd hufrtidity extremes, accelera- 
tion, , circadian rhythm disruption, r^oise ^tnd^ 



vibration," and alterecf atmdsphere gas concen- 
trations (ref. 1-8). 
The early Soviet (Vostok I and ll)'and\J.S. 
. (Mercury 1-4) missions, in 1961, dispelled many 
t)f th6 apprehensions* concerning space. They 
showed that people were able to function effec-. 
lively during the acceleration periods of launch 
and entry, reasonable adaptations were, made 
to weightlessness, and assigned tasks could be 
performed effectively during the mission. Al- 
though a state of nausea (jompar^at^le to sea- 
sickness was reported bjj^Titov m Vostok II:, 
medical monitoring during these early flights 
showed that normal body functions were not 
significantly changed. ^ ^ 

The Gemini program in 1965-66, iprmitted 
physiological testing of ^progressively longed 
space flights up to and exceeding the duratiO|i 
required for a Moon mission. In the 14-day fllgnt 
of Gemini 7, medical studies were conducted 
inflight as well as before and after. The Signifi- 
cant space-relaled changes found during the 
Gen^m progranri .w^erejQQOderate iQ&s Jn redjcfell . 
.ma^s, modecate orthostatic intolerance, mod- 
erate loss in work ♦capacity, minimal loss in 
jiftfm density, minimal loss of calciuni and 
v(rnuscle nitrogen, and 4iigh metabolic cost of ex- 
travehicular activity (refs. 1-8, 1-9, and 1-10). It 
• was demonstrated for these flight durations that 
people could* satisfactorHy perform the as- 
signed , mission tasks, humans could adapt to 
the weightless environment, and could readapt 
to the Earth envi{:onment upon return (ref. 1-11). 

In the subsequent Apollo missions, resources 
rfuring flight were cOncQntrated on the complex 
lunar-landing -program. Physiotog^cal data, 
therefore, were collected chiefly before and 
after the flights. The significant 'space-related 
changes found during the 'Apollo program, in 
1968 72, were vestibular disturbance; iVifligtit 
cardiac arrhythmia; reduced po§tflight ortho- 
static tolerance; reduced postflight exercise 
tolerance; postflight dehydration and weight 
loss; suboptimal food consumption'during flight; 
decreased . red cell mass and plasma volumef 
tpfends toward negative inflight balances of 
nitrogen, calciupi, and other electrolytes; in- 
creased inflight adrenal hormone secretion; and 
no inflight diuresis (refs. 1-8, 1-11. I~12, and I 
13). The Apollo findings served to confirm the 
earlier Gertiini data and, as would be expected^ 
raised new questions. Although the responses 
of the aslrortauts to the space environment in 
the^ Apollo rplssions wi^ro remarkably encour- 
•aging, more^concentrated/study of' biomedical 
fjesponses during prolqriged space missions 



Still was needed to determine thvj long a per- 
son could remain in space. The stage was set 
for t^e Skylab missions. ^ 
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Chapter II 

The Skylab Missions 



The successful Apollo' missions- marked the 
completion of the jirat phase in the expiration 
of space. Engineering spphisticatioji was ade- 
quate to place human beings on the Moon and 
to** return them safely. Astronauts had demon- 
strated the ability to navigate in space. They 
had been^shown that they could exist. in the 
space environment for the time duration of the 
Apollo missions -without excessive physical 
losses. Further, they had demonstrated the abil- 
ity to function in space as fenglne^rs and re- 
search] scientists. ^ ' 

from the^^tre^iphlngs af the investigation of 
space, a broad program of research and appli- 
cation using unmanned satellites and probes 
had. been continuing! Many significant contribu- 
tions to humanr well-being<on Sarth, such as the 
development of cornmunication and weather 
'satellites, had •already been made. A plethora 
of new research areas had developed, however,, 
requiring investigation or at least confirmation 
of data collected. (For more details, see refs. 
11-1, ll~2, and 11-3,) 

The need wag evident for a manned space 
station that could stay in space for a prolonged 
period of time. Longer missions were neec^ed to 
develop further the utility of space flight as a 
means of expanding and enhancing the well- 
being of mankind on Earth and of assessing the 
human potential for future space missions. In 
the Apollo program, astronaut-carrying space- 
craft had been developed. Instruments for the 
observation of astronomical objects, solar-elec-, 
trie power supplies, comiTiunlcations,equlpment, 
computers, and attitude control systems had 
been developed and used. Life-support systems 
appeared adequate for prolonged spaceMlightt 
Finally, the engineering af)d teehnol&glcal de- 
.velopments had>attained sufficient sophistica- 
tion 'tb^ acWe*e the dream of the pioneers ot, 
spade-^pteiclngitt manned space station in orbit 
;(ref. fM). ' ' ' ^' 

Mission Plans and Objectives 

The plans »were for an Initial 28-day Skylab 
. mission followed at 3-month injiervals by twQT56-^ 
dify missions,. The tMrd. manned mission \Al^as 



later extended tla 84 days. The objegtlY^s of the 
missions were to (a) conduct Earth resources 
observations, j(b) advance scientific knowledge 
of the Sun and^stars, (c) study the processing 
of materials under weightlessness, and (d) 
better understand manned space flight capabil- 
itles*and basic biomedical processes (ref, 11-4). , 

The study of EartVi resources from orbit util- 
ized remote-sensing techniques for the study 
of ogeanography, agrarian productivity, \vatftr 
managements-new oti and'miheral fields, urban 
and rUrar growth, and ecology (refs. IM and 
11-5). The orbital paths of Skylab made possible 
survey coverage, of the • entire contiguous 
United States and more than 75 percent of the 
Earth's surface. Each of Its 93-miriute orbits 
was repeated every 5 day?. Photographic, in- 
frared, and microwave equipment provided pic- 
tures and measurements of the terrain beneath 

' the craft for study -by experts. Collaborating in 

' these studies were 140 scientific teams from the 
UnHed States and 20 foreign countries. (For ex- 
'cellent^ coverage and photographs of, some ot 
the Earth resources data, see ref. Il~6.) • 
To advance, knowledge of the Sun and the 
stars, research was directed towarcl understand- 
ing the phenomena within and around the Sun 
itself. Until the advent of the space program, It 
was possible to observe solar emlssl^ohs.only at 
wavelengths that could pehetr^teMhei Earth's 
atmosphere. Solar research is of inestimable 
importance since the Sun is the ultimate source 
of all energy on Eapth. It controls our environ- 

*ment 6nd, all terr<Mtrial life depend^ upon It.^ 
The Sun is Ian a^ophyslcal laboratory, close at 
hand, which cannot be reprbduced on Earth. 
The Sun-^also is the .(learest star. Our under-, 
standing qf stellar astronomy Is dependent upoh 
our understanding of the Sun (ref. 11-5). (Sbme 

• spj|ir "pictures are contained li|ref..Mr7). 

The ' special condition of,, weightlessness 

> makes it ^possible tb process rr)aterlal8 in op- 
.erations that'are Irhposslble on E^irth. Potential 
products ^ange from^ composite jnetafS with 
highly sfJeCiall^ed physical properties to large, 
mofG^perfect, crystals Ijavlhg valuable ele^tricgl 
ot optical propertied that 'cannot be achieved In 
a tfif environment (refs. IM and ll-*5). 



■Tlje oBjecjive pt . better) Understahdrno 
manned ipace flight oapabtlitres^aM basic bio- 
medical processes was quite t5road. It included 
study of the capabilities, limitations, and usefui- 
ness'of humans to live and wotic Ih space effec- 
tively as vyeJKas InvestlgatioiJ of jilie bipiOQical 
effects of /a contli^Med/ gta^ of^^^ w^^^ 
riess. Priofr id Skylab, the Jortgeet missions 
Had b^erf Oeitrtnf 7~fbr 14 day*,' SoS^Mz 9 for 18 
days, and the ill-fated Spy uz/l for 24 days In 
which the cosmonauts died during reeihtryc Thfe- y 

' question of how long human beings bowld^ur- f 
Vive In a weightless environment required fur- / 
ther Investigation. The .medical ^experiments/ 
were chosen to study the effects of long-dura-' 
tion space flights on the creW and tQ eyaiuate 
the metabolic effectiveness of a' hgrpan in spac^ 

; in order to determine future logistics required 
ments, environmental pcjntroi, and task pianr , 
ning. (See ref. li-8 for details of the life science 
research.) Major areas of investigation Were 
niitrltlon,' musculoskelemi function, cardiovas- 
cular function, hematology, neurophysiology, 
pulmonary function, and m6tab'olism (ret 

Skylab Experiments 

The experiments chosen for Skylab, after 
soliciting ideas from the scientific community 
and intensive screening and evaluation, are 
shown In table i 1-1. The magnitude of the tasks 
of Skylab are evident from the table. Likewise, 
the breadth of competence Required of the as- 
tronauts to collect these data Is impressive. 

The Skylab workshop was planned .to- meet 
the un|^ue needs dictated by the experimenta- 
.tlon to be undertaken but, insofar as possible, 
incorporated hardware already developed for 




Fig. IM. Skylab iaunch cpiiftguratlpn «lNd thP 
' Saturn y. , ' 

the Apollo |9#)gram. As showq in figure il-1 (ref. 
11-11)/ the large Saturn V launch vehicle was 
used with the first and second stages (S-IC and • 
S-ii) providing the thrust necessary to place 
the workshop in orbit. Tlie third stage of Saturn 
V (S-iVB), which -+iad been uspd as a launch 
vehicle in the Apollo program, was converted 
to the Saturn workshop, also called Orbital 
Workshop (OWS). On top of this was. placed an 
airlock module (AM), a multiple docking adapter 
(MDA)* and an Apollo VTelesdope ' Mount (ATM), 
riie intended configuration' Of the Skylab cluster 
is shown in figure li-2; Skylab was pressurized 
to 5 \b/W with 3'.7 Ib/frt^ from oxygen and the 
r/emalning 1.3 lb/in" from nitrogen (ref. 11-4). 
Thj8 oxygen paftlal pressure in this environment 
was close to f|ait found 8it sea level. The atmos- . 
pheric envirorii^ient was comfortable. 
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Table 11-4— ^/(y/ab experiments * 



Number 



Title 



Location 
on ?kylab 



Manned mission 
. r 2 » 



Sd2() 
S052 
S054 
S055 , 
' S056 
* .fb82A 
S082B 



s S019 
S150 
S183 




SP09 
S063 
S073 
§149 
S228 
S230 



S190A 

S190B 

S191 

S192 

S193 

S194 



M071 
M073 
M074 
M078 

M092- 
M093 
.M111 

,m'i12' 

M113 

M114 

M115 

M131 

M171 

M172 

S015 



M479 

M512 

(M551) 

(M552) - 

(M553) 

(M555) 

MSI 8 

(M557) 

(M559>. 

'(M5€t0) 



Solar studies 
Ultraviolet and X-ray solar photography 



White-light coronagraph 
X-ray spectrographic telescope 
UV scanning polychromator ip©ctroheliometer(.. 
X-ray telescope ^ ■j^'. , 

Extreme UV spectroheliogr^ph 

Ultraviolet spectrograph ^ . ' . 

Stellar astronomy '( 

\JN stellar astrofiomy ( 

Galactic X-ray mapping . . 

UV panorama telescope ' ' 

' Space physics 

Nuclear emulsion package . > 

UV airglow horizon photography 
- Gegenschein and zodiacal light 

Micrometeoroid particle collection 
. Trarisuranip cosmic rays • . 

Magnetospheric particle composition 

Earth resources experimeQis 
Multjspectrai photographic cameras 
"Earth terrain camera 
Infrared spectrometer 
Multispectral scanner 

Microwave radiometer/scatterdfneter and altimeter 
t-band radiometer . . 

Life sciences projects 

Mineral balance • ' ' ^ { 

.JBlqassay of body fluids 

Sf^imen mass measurment 
" B6ne mineral measurement 



V 



Lower body negative pffessure 
Vectorcardiogram • 
Cytogenic studies of the blood 

Man's immunity, in-vitro aspects 
Blood volume red cell lifespan 
Red blood cell metabolism ' 
Sp«^IJ>emotalogipal effects 
Humfin vestibular fi[i^ction • 
Metabolic activity , ' 
'Body mass measurement 
Effect of zero-gravity on single human celjs 

Material- science & manutactvriog ih ^pope 

Zero-gravity flammability ' ' 

Materials.processing facility '. *^ ' 
^Metals melting 

Exothermic brazirig • - ' 
Sphere forming , 
Gajllum arsenide crystal' growth 
Mbltipurpose electric fumace^ystem 
• ImmisclWe alloy compositions 
Microsegregatlon in germ&nium 
Growth cff*9pherical qystals 



OWS 
ATM 
ATM 
ATM 
ATM 

■•'tm 

ATM 

OWS 

lU 
OWS 



MDA 

OWS 
OWS ) 
OWS 
OWS 
ATM 



MDA 
OWS 
Mp/\ 
MDA 
MDA 
MDA 



OWS 
OWS 
OWS 
None 

OWS 
OWS 
None 

OWS 
OWS 
OWS 
OWS 
^ OWS 
OWS 
OWS 
CM 



MDA 
MDA 
MDA 

kMDA 
MDA 
MDA 
MDA 
MDA 

>IDA 
MDA 



X 
X 

X . 
X 

X 
X 



X 
X 

X 
X 
X 
X 



X 
X 
X 
X 
X 
X 

X 
X 
X 



X 
X 



X 
X 

x: 

X 
X 
X 
X 
X 



X 
X 
X 
X 
X 



k 

X 
X 
X 
X 

x 

X 
X 



X 
X 
X 
X 

X 
X 
X 
X 
X 
X 



X 
X 
X 
X 

X 



X 

ft 

X 
X 

(Preflight and 
,postflight) 
• X 
X ' 
(Preflight and 
» postf light) 

I ■ . 

X 
X 
X 
X 
X 



/ 



X 
X 
X 
X 



X 
X 
X 
X 
X 
X 

X 
X 

X' 



X 
X 



X 
X 
X 
X 

X 
X 
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X 
X 



X 
X 

s X 
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0 11-1 — Skylab experiments— CooWnued 



Number 



Title 



Mocation 
on Skylab 



Mannect mission 
• • ^2 3 



(M563) * Mixed lll-V crystaj growth 
(M565) , Silver grids melted In space 

, Zerp-gravlty systems studies 

. Habitability/crew quarters \ \ ■ 

M509. . Astronaut maneuvering equipment 

M516 4 Crew activities and maintenance study 

T002 Manual navigation sighyngs 

T013 Crew/vehicie disturbance 

T020 Foot-coQtjrolled manegv^erlng unit 

^ ""V ^pac^craft environment 

D008 R?idiatioA In spacecraft . . 

POH ' Thermal control coatings 

M4T5 Thermal control ^coatings 

X003 Ihfiig^it aerosol analysis 

.T02B ^ Cotonagraph Contamination measurements 

T027 * ATM contamination measurements 



MDA 
MDA 



. ows 
ows 
oyvs. 

QWS 

AM 

lU 
OWS 

ovys 
' ows 



V 7^9 

X 



7- 

X 
X 
X 
X 
X 
X 



X 
X 



X 
X 
X 
X 



X 
X 
X 
X 
X 
X 



X 
X 
X 



X 
X 
X 



Skylab student project • ^ . , 

1n addition to the above, 19 experitnents by secondary school students were flown on Skylab; these 
^were sefected through nationwide corapejition condudteqitby the National Science TeaQhers Asgociation. 
(See ref. 11-10.) , * 



Source: Modified from reference 11-4. 



Mission Schedules 

I 

, The missions were planned so that the 91,000 
kg (100-ton) experimental space Station (Skylab) 
would first be launched unmanned, by the large 
Saturn V launch vehicle. One day after Skylab 
lift-off; an Apollo Command ^nd Service Module 
(CSM) with thi^ee astronauts aboard was tO' be 
launchea by the smaller Saturn IB vehicle. 
Using the service propulsion system, the CSM 
■was to rendezvous with ^Skylab, dock at the 
axial- part of the N^DA, anpi complete the cluster 
shown in figure! 11-2. Tbe<)rew Would then enter 
thte Skylab, pijepare it for habitation, power 
down the CSM^o maintenance levels, and then 
proceed with their assigned mission plans. 

On the'27th day of the first manned mission, 
he crew were to prepare Skylab for storage in 
orbit. On th6'26th day, they were to board the 
CSM, undock, deorbit, and \a^d in the Pacific 
recovery area (ref: II--9). AppK)xirTiately 60 days 
later, a second CSM was to be launched and 
to follpv^ a similar rendezvous protocol. This 
next mission was open-ended to a 56-day dura- 
tion. The third :i1riiBsion/Driginally scheduled, for 
5$ days, was extended to 84 days. 



The Orbital Workshop . 

The OWS was designed *as a place where a 
creyv'of three could live land work for extended 
periods of time.. Emphasis was placed dn roomy, 
comfortable accommodations^ TKe^OWS was a 
cylinder 6.7 m (22 ft) in diameter and 14.6 m 
(48 ft) in length. The volume* of approximately 
963 cu m (34,000 cu jt) was equivalent to that 
of a moderate-size house. The area o^ the two 
living floors was approximately 66.88 sq'nh (720 
sq ft). ThQ, roominess of the livjng area was truly 
impressive (fig. 11-3). Handles and grips were 
mounted throughout the two xompartWients to 
enable the crew to mpvejhrough th^i^iivbrkshop 
while weightless. The floors were qf aluminum 
alloy with triangular .openings. The'^oles of the 
'sh6es worn by the astrbnauts in space each had 
S triangular cleat on ^he bottom ithat could be 
pfaced fn the floor. A slight tyylst then would 
lock the foot in place (figs. Il-4(a) and \\-~A(b)). 
Without the cleats, force could not be applied 
in a weightless environment without moving the 
. body. 'The cleats provided a stable basp from 
which leverage could bte applied. / 
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Fig; 11*2. The deplo)f«d SkyUib cluster. 



Fig. II-3. Orbital Workshop. 




Weigltmg In* Zero Gravity 



r 



Since tffe data to be collected 'Involved the 
* weighing of samples and since body-weight 
, /shifts of the crewmernbers also required care- 
' ful mpBltoring, th^re was a need fpr -sj^ecial 
weighlngjn^^^^nts. "The probleryr was," How 
xfo yau weigfi^omeone Of somethlrig in a 
' weightless, environmenf? The solution cleverly 
applied Newtdh's second l&w: Force equals 
- mass times acceleration:" A .schematic of the 
^dpyice and a calibration -cur<^e are. shown in 
Igpres ll-5ta) and ll-5(b) (i^. 11-12), The force 
was provided by a spring (K), and 4he mass (IVIJ 
Was attached to a platform suspended as a pon<- 
4iu1ui1i,by four' parallel fl6?(lng strips. An optical 
pickup and an electrjc timer theiii measured the 
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f^ig. ll'4 (a). Astronaut shoffs. 




Fig. 11-4 (b). Shoe cleat locking into grid floor. 



period (I.) of the spring^^oaded pendulum. Time 
signals were converled to provide a direct read- 
out in metric units. Different instruments based 
on the same principle were used for spleciftien 
and body-mass measurements (refs. 11-4' ^nd 
11-5). The instruments wore both fast and 
accurate. • 



Objectives of Life 
Scfence Experiments 



All of the experiments cpnducted on Skylab 
w^e uniqiie and of inestimable importance to 
mankind, The medical studies are ^f special' 
interest to the fields of health, physical educa- 
tion, artd recreation. These studies were di- 
rected toward better understanding of muscle 
and bone development, heiart fuhction and blood 
cirpulation, bfood devejopmerjt and immunity, 




if 



of Sjiring^i 



, F(g. (a), Schematici of S^rlng/Mtfs Ospil- 
^ .,46^ later and its n^otioin. 
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Maw. g , 

Fig. 11-5 (b). Calibration curve SIcylab 2 small 



day-9. (From ref. 11-12, p. 375.) 

„perception, equilibrium, biorhythms, and cell 
growth. » . »• ^ • 

Some experiments were speciNcally designed 
to gain additional information during longer 
missions of the negative effects observed dur- 
ing the earllery Shorter missions. These same 
, experiments gp«rved to monitor: ariy alterations 
in, response induced by programs instituted to 



'^elay or prevent d^crements-in miner'al balance, 
body fluids. ortt»ostaticLlol6ranc'er bfpod^volume, 
and body,vye^ght. Other studies were included 
to gain new inform^tiapv^'concernir^g circaciian 
rhythms, metabolic acliWty, liiflighf vestibulai: , 
funqtion. inflight momtorjng of orthostatic, toler- 
ance, red blood-cell rtiolabolism, etc. The data 
collection for the lif^cienCes prdjects alone 
would be exemplary. Wh-tfn it is considered that 
data also .were collected for stuWies of^me Sun, 
stellal'. 'Wronomy, space physics, material 
science and manufacturing in 'space, zerO- 

. gravity systems, and ^pacedraft- environment, 
thq breadth of Expertise and the extensive crew 
training are obvious.- 

' Some of the life science experiments and , 
their objectives were as follows (modified from 

ref. Il-5)i J*' • 

Mineral balance— To determine th6 effects of 
space flig'ht on the muscle and skeletal body 
systems by quantitative assessment Of biochem- 
ical* constituents of metabolic importance (i.e., 
water, calcium, phosphorous, magnesium, so- 
dium, potassium, nitrogen^ urea, hydroxyproline, 
creatinine, and chloride). 

*Bone mineral measurpment — To determine 
by tH6 photon absorptiometric technique the 
occurrence anddegree of bone mineral changes 
that might result" from, exposure to the wei^hf*— 
less condition. 

Lower body negative prossure---to provide^ 
information concerning the time course of car- 
diovascular adaptation during flight and fo pro- 
vide inflight data for predicting the degree" of 
orthostatic intolerance and impairment of physi- 
cal capacity to be expected following return to 
the Earth envirc?hmeht. "* • 

Vectorcardiogram— To measure the voctor- 
■ cardiographic potentials of each astronaut pe- 
riodically throughout the mission so that flight- 
induced changes in heart lf6nction can bo 
detected and compared with a preflight 
baseline. 

Cytogenetic study of thb blood— To make 
pre-" and postflight determinations of the chro- 

mosome aberration f reLquencies in the periphy 

. eral blood leukocytes and to provide in vjyo 
* radiation dosimetry. . ' 

Blood volume and' red cell lifespan— To de- 
termine the effect of Earth orbital missions on 
the plasma volume and the red. cell. populations 
with particular attention paid ta changes in rod 
coll mass, rad cell destruction rate, red cell life- 
span, and red coll production rate. ^ 

Red blood cell metabolism— To determine if 
. .. any metabolic or mGmbr;an6 changes ocCur jn 




.human red blood cells as "a result di exposure 
to the space-flight environment. 

Human vestibular function— To obtafn data 
•pertinent to establishing thd validity of measure- 
ments of specific behaviQral/physiological re- 
sponses influenced by vbstibular activity under 
1 g and zero o conditions; to deterrriine human. 
adaptabiliiy1o\ unusual vestibular conditions.- 
and to pfedip?.habitability of future spacecraft 
copditions mvolving reduced gravity and Co- 
riolis forces; to measure the accuracy and vari- 
ability in human judgment of spati^il coordinates 
based on atypicai gravity raptor cues and 
inadequate visuaLcuGS, 

f\/letabolic activity— To deternrtina if human 
effectiveness in doing mechanicafcwork is pro- 
gressively altered by exposure to the space en- 
vironment. Secondary objectives' were to eval- 
uate the bicycle ergometer as an .exercise 
device for long-duration missions and to eval- 
uate ground-based reduced-gravity simulators. 

Sleep monitoring— To- evaluate sleep quan- 
tity and qualify during prolonged space flight 
through automatic onboard analysis of electro- 
^. encephalogram (EEG) and ^electrooculogram 
• (EOG) activity and telemetry of results. 

' Time-and-motion study—To evaluate .-t^^*-^ 
fects of space conditions on time-and-mdtion 
characteristics of crew performance by measur 



Ing the similarities, differences, and reiaiive 
consistencies between task activities in earth- 
based sirriulations "and in zero-gravity space- 
flight. 

Body rriass measurement— To demonstrate 
the feasibility of body mass measurement iri the 
absence ^of gravity, to Validate the theoretical 
behavior of the body mass measuring devic«i, 
and to support those biomedical experiments 
requiring body mass. determination. . . ■• 

Skylab Medical Experiments 
Altitude Test (SMEAT) 

Althougii Skylab provided a unique, labora- 
tory for the study of physiological changes, pro- 
duced during prolonged spoce flight, it ^also 
represented a new.Ofder of complexily in Space " 
activities. Not only Were the tasks of the crew 

- complex, as already mentioned, but there were 
many new and modified instruments. 

Pilot tests wore " needed for all protocols. 
NASA proceeded in a systematic manner with 
SMEAT, the acronym for Skylnb f\/ledical Ex- \ 

' ' poriments Altitude Test, a ground experiment 
which simulated 9. full 56-day Skylab mission, 
The physical facility was similar and the at- 
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moaphere'w^s Iderflical (70 perceat oxygen^30 
percent nitrbgen. at 5 Ib/in^). The crew activ- 
ities were representative, the timeline of events 
was th^it of an operational njlsslon, and full mis- 
sion support yvas provided. The simulation al- 
lcJw6d testing of all crew procedures and equip- 
ment operatldns. Furthermore, final tr&inlng*or 
support peVsohnel could be conducted, particu- 
larly In regard to data-collection techniques. 

. The six objectives pf S^EAT were to^fa) obtain 
and evaluate baseline medical data,' for up 'to 
66 days, for those medical experiments that 
might be affected by the Sl<ylab environment; 
(b) evaluate experiments, hardware, systems, 

'and ancillary equipnient; (c) evaluate data- 
reduction and data-handling procedures in a 
mission-duration time frafne; (d) evaluaie pre- 
and postflight medical support operations, pro- 
cedures, and equipment; (e). evaluate medicaf 
inflight experiments, ooeratitig procedures, and 
crew checklists; and (ly train the Skylab medi- 
cal operations team for participation in flight 
aclivities (ret. IH3). 

4 From the . viewpoint 'of research design, 
SM£^Twasa necessity in ihat it provided quan- 
for 56 days under environmental 
GonTraort^ similar as possible' to the actual 
expenlp^l^^ Only the gravitational 

effecjts^ ^^ Si i^*^ attributab]0 to the mental 

radi^io;)|lfipt^ be differ^ent In the space 
^envirqn'fji^W.j^^AT provided baseline data 
'"SatHf^cFqx^V effects resulting from 

jueht rep*titM)r> oL the same measures. It 
al5)mpvij^Qd^*W data for the Skylab at- 
mosPferic ^envtronment and comparative data 
^to the standard sea-le,vel atmiospheric environ- 
jnent. All comparisons wer6 essential for ulti- 
mate interpretation of the Skylab results. 

The ^medical experiments conducted on 
SMEAT^were those planned for Skylab: 
cardiovascular-hem^dyrtamiQ. musculoskeletal- 
' metabolic, ^docrine-electrplytei and neuro- 
physiologic (ref. Il~13). Detailed objectives for • 
SMEAJ were as follows: 

1. Habltabillty considerations, that included testing 
_..(?J..*h?_acpepta^^^^^ food .itGm$; {b) the re- 

''llaljlrify;, of fobd packaglngr (cF the luncflonat' 
adequacy of food storage,; preparation, service, 
and cleanup; (d) the effitfloncy of whole-body 
cleansing^; (e) the effoctlvanoss of the house- 
keeping system; (f) the usefulness of the Skylab 
personal hygiene kit; ancf (g) the operation of 
the urine collection systems. 

2. Physiology-health considerations that includt)d 
evaluation of (a) the microbial population dy- 

. namics in the mouths of the crow; (b) iUo equip 
ment designed to perform brfsic diagnostu; micro- 



blolpgy tests; (c) the effeqts of confinement ob 
crew microbial burdens and the microljjal 

, ecolpgy of the chamber; and (cJ) the operational 
blolnstrumehtatlon system designed to' -obtain 
physiological data dbring the "launch, e)$trV 

. . vehi^ular and return phases, and. to^provlde fullr 

time mortltoring of an III crewman. 
3r Atmospheric purification and cqntrol conslderaj^ 
tions that tr\cluded (a) monitoring of trace con-' 
"taminants, carbon monoxide, carbon dioxide, 
aero^rfl residuals,, and dewpolnj; (b) determining 
storage vrequirements for odot*-absorblc ele- 
ments; pnd (c) establishing the degradation -of 
carbon dioxide and odor-absorbic elements. 
4. Operational considerations that included Acquir- 
ing ancf'processing of biomedical data in a^^iiiod^ 
approaching that planned for Skyl&b. 

The development of fopd for Sl\/IEAT and Sky- 
Mab' consumption was a complicated task. ^On 
the Apollo missions, balanced 2,500 cal/day 
diets were provided for each astronaut. Exam- 
ination of their nutrient intake showed that most 
crewmembers had not consumed food at levels 
equivalent to their calculated requirements. The 
more prolonged Skylab missions dictated care- 
ftjl study of diets because of the greater dura- 
tion and the fact that a number of the medicaf 
experiments were particularly dependent upon 
nutrient Intake, The menu design criteria were 
Vigorous, including (a) crew-food compatibility 



In terms of flg^vor, safety, allergic responses, 
gas fornriation/and fecal bulk and consistency; 
(b) adequacy in meeting nutritional require- 
ments; (c) specific constituent intakes for medr 
ical experiments (e.g., calcium, sofHurtl; pro- 
tein); and (d) physical constraints of package 
size, storage, jDreparation ecfuipm^nt, waste 
disposal, and residue mass. Yhis waff- 9 large 
task consldeiring the planned n)isslon durations/ 
The foods selected and used were as follow^ 
(nlodifjed from ref,, 11-15): 

Beverages — apple drink, cherry drink, cQcoa. 
cocoa-flavored instant breakfast drink, coffee 
(black), grape drink, grapefruit drink, lemonade, 
orange drink, strawberry drink, and tea' with 
lemon and sugar. 

Wafer food— apricots ^dried), bacon wafers, 
biscuit (cracker type), butter cookies, candy 
"TRHrd), Cheddar Cheese CTH^^^ fceet 
(sliced), mints, ' peanuts (dry rpasted). sugar 
cookie wafers, and vanilla wafers. 

Rehydratable food—asparagus, beef hash, 
corn (cream style), corn flakes (sugat coated)- 
chicken and gravy, chicken and rice, eggs 
(scrambled), green beanb. macaroni and 
cheese, pea soup, peas (creamed), peach am- 
broslq with pecans', pork and scalloped pota- 
to^, potato saliJd (Qermah style), potato soup, 



fatJfe ),l-2~A/*r/enf tol^ranpe lewis for 'SMEAT crewmembers 
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, Energy (calrf) 2fliO-2800 
Protein (g) 90-llf5 ± 1,0 
Catelum (mg) 750-850 ±^1 6 ' 
Phosphorus (mgjij 1500-1700 1 120 
Sodium Img) 3p0'o-4000 t, 500 
Magnesium (mg) 300-400 ^25' 

, ■ Potassium (mg) 3000-4'000 ± 200 

SdUrce: reference |lri5. ' . 
' CDR=ComrDandqr. , 
^,3PT-ScientiSt P|lot. 

' PLT:^PllOt'.'. 




SPT 



PUT 



2895' ±: 20 
•115 -i . 10 

860 J- 16 
1700.± 120' 
3900 900 

325 ± 25 . 
3921 ±'200 



» 



,3276 + 15' 
110 ± 10 
850 ± 16 ■ 
1700irf:120 . 
4000 :!; 500 
350 ± 25 
4000 ± 2000 



31 00 + 22 
123 + 10 
850 ± 16 

1700 ± 120 

,4000 iv500 
320 ± 25 

3915 + 200 



•potatoes (rtiashed), lice kri^pies, salmon salad, 
8&usage pattLes, ^hjfknp cocktail, spaghetti and 
meat -sauce, straw/berFles, sweet potatoes 
(masf^ed)^- turkey rijce soup, and veal and bar- 
becue sai!fc8: 

^Thermpst^ibilized foo(;i4-applesauce, buttigjr- 
•scotch pudding, aatsup, bhili -with meat, fruit 
jani, hot dogs (tOfti||D sauce), lemon pudding, 
meatballs and saJice* peaches; peanut' butter,; 
pears, pineapple, tuna aaridwich spread^^nd 
turkey and gravy, f ^' ^ 

Frozen food — tieef (prime rib), bread (white), 
coffee cake, filet. mignorf. lobster newburg, porK 
"ToTnlimTi "dresgmtf^ 
and vanilla ice cream., . 

Th^ nutrition jolerance levels .calculated for 
the three SMEAf .crewmembers with reference 
to the. M071 mirt'eral balance study' are stiown 
In table 11-2. The estimated adequate .daily 
energy levels for each of the crewmembers were 
calculated by the. method recommended by the 
Pood hnd Nutrition Board of the Nation£)l Re- 
search Council (ref. Ik14). ' ^ . 



Selected SM6AT Experiments 
and Conclusrons 

• » 

SMEAT involved comprehensive testing of 
the medical experimental protocol^ to be used 
ovt Skylal^ and the collection of baseline Igf 

were "generated. The experlme)>ts have been 
published (ref, 11-15) and should Ve-of interest 
^ome readers^because of their unique Instru- 



' mentation and the breadth of sophisticated data 
collected. Brief conclusion^) .from 13 selected 
experiments of SMEAT have been abstracted to 
reflect the. systematic studies conducted prior 
to sending astronauts into space. Three of the 
.^experiments require further discussion because 



of special- instrumentation, problems, or rele- 
vance to reader Interests. The following abr 
stracted conclusions of the selected 'studies - 
are presented for perspective only. Interested 
readers are referred to the reference listed 
,(ref. 11-15). / 

Mineral balance— See text, p. 14. ^ 

Boryd mineral measurement— Few deviations . 
.from baseline bone nhineral measures were ob- 
served. One individual showed possible mineral 
loss in thVosi calcis and another gained mineral 
in the right ulna. The ggin may be' attributable , 
to the heavy exercise routines of that orewmem; 
. ber. No changes vyere observed in the rigtit 
radius. , - ' 

Lower body negative pressure — Impaired 
orthostatic tolerance, manifested ^y the m- 
creasecJ heartrate, diminfehed systoli© and pulse 
pressures, and the increased tendency to syn- 
cope (faint) dufing LBNP or in the upright posi- 
tion were not observed. 

.Qytogenic studies of the btood— MInbr chro- 
mosomal defects were noted but the chamber 
environment had no deleterious effect where 
chromosomal observations were concerned. 
I Blood volume and Ved cell life span — No sig*^ 
nificant shortening of mean red cell lifespan 
was observed. A slight Increase In plasma vol- 
ume (1.6 percent) was noted. There was no 
evidence of increased red cell productiot^i; how- 
ever, there was a-^llght decrease in mean' red 
:=u.:xCM:.maRS^ ^g^^ hempglqbin,^ O^^^ 

the scientist pilot, Showed increased \r\ red cell 
mass ( \ 6.6 percent) and plasma volume ( i 13.7 
percent) but had. a la^ge weight shift under 
vigorous conditioning! 

f^ed blood cell metabolism— Significant de- . 
creases in glycolytic ^enzymes were noted, 

Special hematology efjects — Routine hema- 
tology measures v^ere within the normal range 
with one exception: a significant lymphopenia 
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^ ■ 

In the pilot OurHto postteat. porsltjly refleoWng 
Increased adrenal cortlcold secretion. 

Investigation of the.4n^mune system — Some 
changes in serum proteins were observed that 
were different from Apollo data, possibly due 
to some feature unique to space flight. The data^ 
suggest an Immune reaction during the lattej 
days of chamber stay possibly due to sybc^. 
cal illness or challenge'^ by a non-diseaaj^pro- 
ducing agent; Essentially no changes wele ob- 
served in reactivity of immune ^yahjifts as 
typified by rate of RNA or DNA syrtthesis \n 
small lymphocytes. 

Metabolic activity— -Unique online measur^ 
ment techniques were developed. %ee text. for 
-representative data, . 

Time and motion— A geheral improvement 
was noted in both task and sutfta^k perform-' 
ance over time. No evidence was f(fu\d for 
deterioration of performance. V 

Sl^ep monitoring— It was deterrf\i np^ that 
reliable objective data concernifig gleiPNjhar- 
acteristlcs could be obtained online lueihg auto- 
matic analysis. One of the two crewmpmbers 
measured from day 5 dl showed essentially 
no change in sleep parameters. The Other ex- 
hibited definite changes during Jbe missioa 
(e.g., increitsed sleep latency, increased time 
awake during the first third pf the night, and 
decreased total sleep time.) ' 

Bioassay of body |iuids— A slight but signifi- 
cant decrease in potassium was noted.- in- 
creases in antidiuretic hormone appeared to* be 
' related to environmental temperature. Body 
fluid losses gfenbrally were proportional to body 
. weigfit losses. No changes indicative of altered 
•calcium wer^ observe^;!. Decreases were noted 
in glucocorticoids, possibly related to the hypo- 
. baric eavirof\ment. Changes' in catecholamine 
levels showed high individual variability. En- 
hanced renal secretion of amino acids was ob- 
served. These results must be interpreted in 
relation to .stress, exercise, and nutrient 
biilances. ^ ^ 

Crew microbiology— States or microbial un- 
balance occurred, fof the most part, "only in 
those bacteria, yeast, and fungi tjiat are not. 
part of the true indigenou^s flow of ^e crew- 
members. Confinementfor 56 days if the simu- 
lated Skylab environment apparently does pot 
mediate shifts in \ bacterial populations that 
have obvious clinical significance... The lack of 
buildup of skin flora suggests that the personaf 
hygiena regimens were adequate,. The fact that 
bacteria; yeasts, and fungi existed in high num- 
ber8,v compared to a normal environment, both 
on surfaces and in the air, was considered sig- 



nificant. In the zero g situatlpn, mlc/olDes may 
exist In the air for Iqng periods, piaklng^the 
atmosphere particle count several ^^orders, of 
magnitude higher than normal. Ccwtmued long 
exposure couldresult in clinical manlfesfaitfons. 

' * ^ 

Lower Body Negative Pressure 
Measurement . " v 

After orthostatic Intolerance ' had been ob- 
served on the early mission*, the^ lower bod\t 
negative pressure (LBNP) device shown In Fig. 
IK6 was developed.^ It, was utilized pre- and. 
postfllght for the Apollo missions. Because of 
the projected duratiop of the Skylab mis^ns 
and previous histcj^ry/of orthostatic intoleVance 
following exposure to the weightless 'environ- 
ment, the LBNP was planned for inflight ugpin 
Skylab .to mpnitor and document the time cdlirf e 
.of cardiovascular system alterations. This meas- 
^ure is taken bv placing the subject la th^ can- 
ister, as show;n\ with an air seal around the 
body just above the iliac crests. The pressore 
'within the c^inister is. then reduced by a Vacuum 
pump. During the lowered pressure, two 
plethysmographs (leg bands) measure Volume 
changes in, the ca(f. Blood pressures .were 
H^easured automatically and \/ectdr-cardio- 
^grapha (VCG's) were recorde'd from the Frank 
lead VCG. Jhe test protocol for 25 minutes 
was. as followsj: ^ .* ' ' 



Period I 

(control) 
Period II 



3 min at amjbieiit^ pressure 

(258mn1 Hg) . . ; ^. - ^ 
1 min at-8 mnri Hg\(LBNP)* 
1 min at-16 mtp.Hg (LBNP) 
3 mfn at-30 fnm Hg (LBNP) 




Rg. 11-6. Operiitin9 the lowor body riegatlu^ 
pressure experiment on Skylab. . 
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•Period 5 min at- 40 mm^Hg. (tBNP) 

Period IV 6 min at -50 mm Hg (LBNP) 

Period V • n * 5 min at ambient pressure 
' (recoveryf - (258 mm Hg) 

During the toting, one astrgnaut alwc^ys served 
as an observer in cas^ of syncope (fainting). 
Although Ifew e)^perimental effects were antic- 
ipated fpr SMEAT, the protocol an?! all related 
instrumentation required thorough testing be- - 
cause this test clearly was of extreme impor- 
tance to extended stay in space. 

Work Metabolism Measurements and 
Selected Results 

The first attempts to evaluate metabolic effQC- 
tiveness during work in space were undertaken 
in Skylab (ref. II 16). The investigators were 
faced with tite challenge of developing a relia- 
ble online system. A mass spectrometer was 
used to dptermine the partial pressures of 
oxygen, carbon dioxide, nitrogen, and water 

* in the inspired and expired gases. Rolling seal, 
dry spirometers were used to measure inspired 
and expired "breath volumes. An analog com- 
puter was programed to derive minute Volume, 
oxygen consumption, carbon dioxide produc- 
tion, and the^espijatpry exchange ratio each 
minute. . , 

An electrically braked bicycle ergometer was 
□sed fw the work testing as well as fpr the 
crew's personal e3(ercise. The ergometer could, 
hp operated if\ three modes: set work, set heart- 
rate, or sequenced heaTtrate steps. All tests 
used the set wOrk mode. During the tests, heart- 
rate and blood pressures were recorded pe- 
riodically. The test protocol covered 26 minutes. 
The subject bre^ithed Into the mouthpiece at 
the start of the^test (26 minutes to go) while 
seatepi on the ergometer as sjiown in figure 
II--7. He rerhained at rest until the 20-minute 
mark gf which tinle he^ began pedaling at 50 to 
80 rpm.'TJie first 'Work level, at approximately 
25 percent of the subject's preqletermined max- 

^ >imum aerobic, capacity, was continued jor 5- 
:mirtutes. At Jhe 15-minute mark, the workload 
wae increased to 50 percent of maxirtium*: at 10 
minutes, it w5s. further increased to 75 percent 
of maximum. At tfce 5-minute mark, the subject 

; . ceased pedaling and began a 5-rninute recovery 
period.^ The loads were specific to the ir^divid- 
ual's capacity. For example, at 75 pe^rceftt of 
maximum the commander's (CDR) load was 150 
watts.' the, scientist pilot's (SPT) 260 watts, and 
thQ pilot's (PUT) 180 waits. , * i 



These data were important for several Rea- 
sons. They were being collected in a 6 \i>/\n' 
environment with 67 percent -oxygen, 1.8 per- 
cent carbon dioxide, 26.5 percent nitrogen, and 
4.7 percent water. The effects of the hjgh carbon 
dioxide value on the metabolic responses were 
not known in this combination. The environment ; 
was unique and required reference information. 
Representative data for exercise ojiygen co^ 
sumption (VO.), systolic blood pressure, and 
'minute volume are shown in table 11-3. 
. * 

Mineral Balance Measurement 

The investigators associated with the mineral 
balance experiment were faced with difficult, 
problems (rei; 11-18). Negative nitrogen and 
oalcium balances had been observed on pre- 
vious spate missions. It was assumed that a 
continued loss of calcigm from bone and the 
loss of muscle mass reflected by the" negative 
nitrogen balance might be deterrents to ex- 
tended space flight unless preventive measures 
could be found. It was essential that procedures 
be pilot tested in SMEAT for ultimate monitor- 
ing in the subsequent zero-g missions. Knowl- 
edge of dietary intake and analysis of excreta 
. were required. 

The controls needed for nutrient intake, of 
necessity, placed a difficult constraint on diet, 
for the two crevymembers whose physical ac- 
tivity levels were in the moderate range, body 
weigfht Remained reasonably qonstant (table 
jl-4). The third crewmember, the SPT, partici- 
pated in a great deal of physical activity (ref. 
II- 19).. Since this crewman lost 19 fbs. during 
the experiment, it was evidecit that the diet, as 
planned, was not suffrcidntly flefxible to copp 




Mi Miotic 
ACtlVU> 



. 11-7. Measurement of work .metabolic ac 
tlvlly. 



Table 11-3— £>erc/s^ values collected ^during SMEAT mefabollo experimjent 



Systolic blood pressure 



Cpmmander ' 


X 


S.D. 


N 


t 


P 


Level 1 






- 






Pretest 


121.4 


13.1 


11 






, Test • 


128.5 


7.4 


26 


-1.6873 


N.S. 


Level 2 










Pretest 


153.0 


12.1 


13 


• 




' f^st 


145;6 


8.9 , 


23 


1.9297 


N.S. . 


Level 3 












Pretest 


172.0 


10.5 


13 






Test 


172.2 


13.2 


.32 


-0.0536 


N.6. 


Scientist Pilot 












. Level 1 












. Pretest 


126.1 


5.7 


11 






Test 


135.1 


12.1 


31« 


-3.2483 


p<0.01 


Level 2 












Protest 


154.3 


. 6.0 


9 






Test 


162.3 


13.8 


33 


-2.5593 


p<0.02 


L^vel 3 












Pretest ' 


166.3 


9.4 


9 






Test * ' 


185.3 


7.6 


33 


-5.5863 


p< 0.001 


Pilot 












Level 1 












Pretest ' 


129.0 


9.5 


15 






Test ' 


, 147.3' 


16.9 


24 


-4.3233 


p<0.001 


. Level 2 












Pretest 


152.0 


7.2 


15 






Test 


, 165.6 


9.9 


27 


-^5.1090 


P'^'0.001 


Level 3 . 












""^t^retest 


' 198.1 


14.^ 


13 






Test 


191.3 


3.8 


33 


1.7026 


N.S. 




Note— N.S.-Norifeignificant (p >0.05) 
Source: Modified from reference Ii-r17. 



f^inute volume 



Oxygen consumption 



22.0 2.7 9 
22.5 1.9 "33 



0.521 N.S. 



X , 

.856 
.898 



S^D, -N .- 



t 



.071 12 1.459 N.S. 
.116 .33 . 



37.2 

oO.U 


2.2 


13 


. g.13 


p<0.01 


1.409 
1.409 


.071 
.147 


16 

,33 


0.0 


N.S. 


54.7 

OU.O 


4.1 


13 

00 


3.08 


p<:o.oi 


2.034 
2.000 


.107 
.143 


16 

33 


0.930 ' 


N.S. 


AO C 

45.2 


4.5 


' 1/1 
1 *♦ 

2(2 






1.414 
1.416 


..100 
.077 


14 

33 


. 0,066 


N.S. 


73.4 
78.8 


6.3 
6.0 


14 

32 


-2.71 


p<0.02 


2.310 
2.223 


.210 
.144 


14 

33 


^.415 


N.S. 


117.3 
133.0 


13.5 
8.2 


14 

32 


-4.03 

1 

i 


p<0.001 


3.177 
3.195 


.303 
.190 


13 
32 


0.198 


N.S. 


24.3 
26.3 


1.5 
1.8 


16 
33 


-4.00 


p<0.001 ' 


; .949 
;886 


.059 
.Q92 


16 

33 


2.893 


p<0.01 


39.9 
43.7 


2.6 
2.9 


16 

33 


-4.^1 


p<0.001 


1.540 
1.463 


.095 
.127 


■- 16 
32 


2.355 


p<p.05 


59.1 
64.6 


6.2 
4.1 


1^ 

3t3 


-3.22 


p<o:o2 


2';247 
2.080 


.157 
.110 


16 

33 


3.824 

* 


p<0.0Q1 



r 



Table iM-^/wH/fr creiv.ive/gms /n pounds ' Refereiices-^hapter.ll. > 



v^Crevtfmember diet 



T Enter ' Exit • "End 
chamber chamber dFet 



V.- 



CDR 
SPT 
PLT 



159 
209 
•18S3/4 



204 . 
185»/2 



1543/4 156 
193'/4 190' 
1851/2 184V2 



' Diet was termlnatefd pne weel< prior to end of 
planned termination. 
Source: reference 11-19, p. 19-8. ' 



with such high activity ieveis. The experience 
of the SPT was of significance to the Skyiab 
program because some of the priffje Crewmen- 
^were quite large and inherently very active. 
Modification of the diet relative to physical ac- 
tivity was an important step, since regular exer- 
cise was recognii:ed as being essential to the 
maintenance of cardiovascular capacities in the 
zero-g environment. 



Mission Performance 

The manner in which the Skyiab missions 
were completed is a tascinating"story> that has 
received wide press tcoverage. It is a story of 
courage, ingenuity, and coordinated teamwork 
by flight and ground support personnel. Readers 
wishing more extensive coverage of the per- 
formance details are referred to Canby's fihe 
article (ref. 11-6). 

/ New knowledge was obtained concerning 
astronauts' res|Jonses in the zero-g environ- 
ment. There was reasonable stabilization of 
their physicfiil reactions after about the 40th day 
In space. Upon return to EarJh, the crew of the 
second manned Skyiab mission . (59 days) 
readapfed more quickly than did those bn the 
first mission even though- they had been in 
space over twide as long (ref. ll-20),.The re- 
sults were encouragingV On the basis of this 
experience, tentative approval was grj^nted to 
extend the third manned mission to 84 days. It 
is significant that the menribf s of the 84-day 
mission rietumed in even^b^ttttr physical condi- 
tion than did the crews of the previous missions. 
Obviously, travel in space for prolopged periods 
Ts feasible. 

Skyiab was a scientific bonanza supplement- 
ing the unmanned satellite and the previous 
mdhned rhfssions. Selected portions of the data 
most relevant to the', fields of health, physical 
education, and recreation are reviewed in thf 
nexf chapter. 
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In August 1974, a symposjunf was held at the 
John^onp Space Center in Houston for the prep- 
entat'ion of the results of the Skylab life sciences 
Investigations, this symposium was a milestone 
In* space biology and medicine. Unique data 
related to these prolonged missions in space 
were presented. The proceedings of the sym-* 
posium, which have been published, are classic 
• in both depth and breadth of information (ref. 
111-1). 

This summary is intended to bring selected 
portions of the Skylab findings to the attention 
of, professionals in the fields of exercise phys- 
iology, Kealth, physical education, and recrea-i 
tion. Since a figure. or chart often is better than 
lengthy descriptions for depicting findings 
clearly, pertinent graphs and diagrams from the 
original data have been included. ■ ^ 

, Crew Health 

Th9 precautions taken for crew- health mate- 
. rially contributed to the success of the missions. 
■ A crew surgeon was assigned to each mission. 

For the last 21 days prior to. eacH launch, the 
.crew participated In a health' stabilization pro- 

gram in which they were isolated from exposure 
~.lo infectious diseases as a preventive to acute 

■ illness during the mission (ref. III-2). Before, 
during, and after the flight the crew syrgeons 

^gave. careful surveillance to illness events and 
prescribed medications, nutrition intal^e and 
output, personal -daily exercise, worl(-rest 
schedules, and the quantity and quality of sleep. 
For continuous clinical evaluation of the crew, 
. the crew surgeon had access to the medically 
related experimental data, the monitored' data 
>elevant to radiological health, and the environ- 

■ mental data including toxicological evaluations 
>- (ref. lil-3). Every evening^ the crew members 

had a private conference with their crew sur- 
geon. "In addition, each evening the drew re- 
ceived a inedical status report containing a 
summarf of the data obtained the last time the 
medical experiments were conducted. It also 
included, body weight, water consumption, 
calories consumed, and any specifl.c instruc- 



tions for the next day (e.g., directions to alter 
a specific dietary component to maintain min-. 
eral balance). On a weeldy basis, the crew^ 
conversed with, one of the scientists from^ the" 
rr^^djcal science community.. The crew thus . 
icnl&w their status, had the opportunity for private ■■ 
discussions with their flight surgeon, and pe- 
riodically could discuss projects with the inves- 
tigators (ref.. ilM). Questions could be posed 
and answered. This, coupled with the astro-., 
nauts' l(n,owledge of the results of the medical 
testing, contributefj to their peace of mind.^ 

•The crew received a daily flight plan based 
on'the priorities of the various scientific studies. 
Early in the mission, it was found advantafgeous 
to havi^ a weekly plan developed at a science, 
planning meeting with the representatives of all 
disciplines assembled (ref. 111-4)". In the .thirst 
for knovyledge by all disciplines, it was inevita- 
ble; that trade-offs were necessary. The team 
approach exemplifies the NASA cooperative ef- 
fort. In most instances, , the planning worked 
quite well. Only in the third manned mission, 
when the load became overwhelming to the 
crew, diet, the procedure , require; revitfw (ref. 
111-5). 

Crewmen on pre-«£[kylab missions commonly 
complained of insomnia.'The three Skylab mis- 
sions made possible the first objective measure^ 
of a human's ability to obtain adequate sleep 
during prolonged space flight. The findings 
support the view that astronauts are able to 
obtain adequate sleep in regularly scheduled 
8-hour rest periods. Although alterations in 
sleep patterns occurred, they were not of .the, 
type to result in^a significant degradation of 
work performance (ref. III-6). 

• - A microbiology study was undertaken on 
Skylab to det^fct th^ presence of ' potentially 
pathogenic organisms and to obtain informa- 
tion regarding the responses of microbial flora 
to the space environment." Air, samples wei-e 

. taj<en as were samples from multiple sites on 
the crewmen (e.g., ears, nose, throat, groin, 
urine, and feces). Inflight cross-contam^natioD, 
colonisation, and infection with Staphylococcus . 
aureus demonstrated intercrew transfer of 



pathogens. The data showed that gross con- 
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. lamination of the SKylab "environment dlcl occur 
and there were 'several minor inflight disease 
events, but su^h ei'^nts were not hazards that 
..might limrt long-tef'm space flight ,(ref. 1 1 1-7). 

OnQ pf the early concerns about going into 
space was thaf the ^w. might receive exces- 
sive radiation. By the lime ^of Skylab' however, 
p/emis8ion analyses, indicated that dose equiv- 
■ alernt§ fr<)m trapped protons and electrons of 
the Van Alleh-jjelt, galactic cosmic rays, and 
norn^al onboard sources woiild be well below 
the limits adopted-by NAS'A from the National 
Academy of Sciences recommendations for 
manned Space flight, A possibility did exist pf 
exposure from energetic solarf>particle events, 
Mgh altitude nuclear tests/ and unexpected 
problems in onboard sources. The dose equiv^ 
alents received. by the crew of the third manned, 
mission (84 days) were the highest received in 
any NASA mission to .date. The rates involved, 
however, were quite' low. To place the results 
rn perspective, the crew of the third,fligh,t could 
parllclpale in.a comparable mission-once each 
year for 50 years bgfore exceeding the career 
"limits' (r^f. m^ah 

A study also was made of the visual light 
flashes that had been reported during earlier 
flights. These light flashejB^are believed to be 
■caused by primary cosnriid^ray partlclqs and/or 
possibly by trapped particles larger^ than 
pfotoris. A high flash rate of 15-20 per minute 
was observed in^thejSouth Atl^^ntic an omaly^ (an 



area with high' radiatiofi activity). .The signifi- 
cance of thfe flashes, is not knoWn. Whether^hey 
are of no consequence or potentially causative 
of retinal or other tissue damage requires fur- 
ther investigation (ref. 111-9). ' ' . 

From previous Experience with; closed-loop 
envir.onmental operations such as submarine 
cruises and manned chamber tests, it was 
known that trace gas concentrations could 
cause the missions to be terminated.. The major 

Joxicological consideration was to maintain low 
levels of contaminant gases in the spacecraft 
atmosphere. Following, the loss of the micro- 
meteoroid shield during the launch of the OWS, 
a significant toxicity problem did develop due 
to overheating of the rigid polyurethane foam 
used as a wall irisulating materiial. Laboratory 
tests showed that decomposition due to* heat 

~prdbably fiad resulted ih In* excess release of 
tqluene\ .diisocyanate. and that,, excessive 
amounts of carbon monoxide prot)ably were 
present in the OWS. . 

The first cr^ew carried sensors to measure 
these "gases. Prior to entry into the Skylab, 
pressurization-depressuri^ation cycles were 



* conducted to dilute any contaminating gaSes. 
The crew then assessed the concentration 
using analyzer tubes and found the contaminant 
gases within normlal limit's. The life-slipport 
system ^.that contained activated ' carbon was 
Specifically designed to remove trace levels of 
contalninating compounds. The procedure 
worked quite well for the remainder of the first 
manned mission and the two following missions 
were Completed without further trace gas pfrob- 
lems (ref. 111-10). , 



Clrafiges in Body Weight 'f 

Loss in body w^ht during space flight has 
been observed consistently. On Skylab, the 
body mass was sysitematically monitored, using 
an el^ectronically timed spring-rrtass oscillator 
tbat was an^effective instrument] (ref. IIM1). A 
good number of the inflight medical experinlents 
were undertaken to study the mephanisms re- 
lated to shifts in body mass. A representative 
body mass pattern is shown in figure 111-1. Each 
crewmember incurred a loss during the first 
days of the mission. There were individual dif- 
feirences in patterli, but in khe first two manned 
missions the weight loss continued throughout 
the flight. The postflight recovery was relatively 
rapid, hpwever, with the majqr portion of the 
weight being regained within 17 days. The 84- 
day mission was siggifinant rflg;irHirig hndy 



mass in that all of the crewmembers started to 
regain .body mass Jnflighf following the initjal 
drop. On the ihird manned mission, bojih food 
and exercise were increased. The inflight meta- 
bolic costs were higher than anticifiated. Pos- 
sfbly as a result^ofJhe increased food and/or 
exercise, the initial body mass loss of crew- 
members on the third manned mission was 
slightly less and the recovery to preflight'levels 

was faster. . • 

* ■ * 

Anthropometric Changes 

..^Wh'en the Skylab crews were placed in the 
weightless environment, a number pf anatomical 
and anthropometric changes occurred that 
have physiQlpgic^l . significance.-- A postHral. 
change was observed, as shown in figure I.II-2, 
that resembles that of a quadruped. Due to the 
lack of a gravitational load, the thoraco-lumbar 
spine straightened and there was an increase 
in height. The height Increase may have iSegh 
caused by expansion of the intervertebral disgs 
that were unloaded. The girth measures of the 
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Fig IIM, Body mass measurement of Commander, 3rd Manned Mission. (Frorti ref. 111-11, p. 383.) 
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trunk, including the abdomen and ch^, were 
reduced, probably due to the stretching of the ' 
torso. The center of mass inflight shifted 3-4 
cm toward the head — a large shift? Figure III-3 
shows height and center of mass measures on 
representative days before, during, and after 
the 84-day mission. 

. A series of carefully located limb-girth meas- 
. u^ements made determinations of the volumes 
the arms and legs possible. As shown in fig- 
ure iIlM, all crewmembers had lost more than 
0.8 liters (27 oz) of extravascular fluid fromMhe 
calf and thigh by the time of the first ifflight 
measurements on day 3 (ref. 111-12). On recov- 
ery, it was possible by four-camera stereo- 
^ photdgramhietry to test the validity of the girth 
measures. FiguVe III-5 shows the two values to 
be. quite close. The biostereometric measures 
also confirmed the looses observed in leg vol- 
umes. The mean loss^'for the first mission was 
1,68 jiters (57 Oz) as compared with^H»4L>}ters 
• (41 oz) for the third mission. On day one post- 
flight, the mean loss was 1.06 liters (36 oz) for 
the second mission as compared with Oj7 (26 
bz) for the third mission. An apparent decrease 
In the loss of leg volumes was observed on 
succeeding missions. It is possible that this de- 
crease was mediated by the increased inf^ight 
exercise. However, it is not clear whether the 
results were caused by. prevention of muscular 
atrophy or by an effecf on the cardiovascular 

Jfr4«-1 



Fluid Shifts and Blood Changes . 

Associated with the approximate 1 liter (34 
dz) or 13 percent loss of total leg volume e^rly 

J . 



(a) Conni|^ndor 
^.3 i ' 




Mi^idfi day 



{b) Scientist Pilot 
+0.3 




82 

Mission day 



Fig. Ill<4. Change in left limb volumes Scientist 
Pilot, 3rd Manned Mission. (From 
ref. 111-12, p. 649.) 



in the mission, the face was puffy and the upper 
body veins were engorged. It is believed that 
with the loss of the hydrostatic forces asso- 
-=©fa4«^w4tt»-fi«v%r-the body^trid9-movett m 
toward the head and to a "central volume" as 



shown diagrammatically in figure III-6. In In- 
frared pictqres taken during weightlessness, 
the foot and lower leg veins were not distended 
as they were when standing under Ig; whereas 
the jugular and Veins of the temple and fore- 
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Fig. III-5. Comparison between tape measure 
and stereometric circumference 
^ measurements, ten days pfeflight, 
Commander, 3rd Manned Mission. 
(From ref.Mll43, p/419.) , 

head were cortipletely full and ^istended (ref' 
111-12). ' ' ■ 

A reduction In the red cell mass was observed 
in the Skylab crewmembers. This Is consistent 
with reductions observed In the previous 
Gemini and Apollo missions. The mean loss in 
the 28-day mlbsicJn was greater than thatJound 
in the Apollo (14-day) crewfnembers. It Is Im- 
portant to'notg ;hat the loss'ih the red cell mass 
immediately after the 22-daV mission was 



Fig. .111-6. Fluid preissure/volume changes 
. under wc^ightfessness. (From ref. III- 
12, p. 656.) 

greater th^^n the loss observed after,- the d4-day 

•Night. , ^ \ 

Table" III-1 reflects the beginning of recovery 
frem the red cell loss observed In the 28-ddy 
mission,. Improvement was observed In the 59- 
day mission, but by far tjie greatest improve- 
ment was observed in the 84-day tViisslon, 

-Significantly,^ a greater nujnber of. circulating 
.reticulocytes (reflecting more regeneration) was 
observed folWwing the longer mission, showing 
that the red cell mass does' not x;ontlnue to 
^deteriorate' in weightlessness. Apparently the 
body seeks a new nomeostatic level. On the 

• basis of this evidence It is clear that th^ Initial 



Table III.-1— Wed ce// mass of Skylab crew mdi^bers'and controls 



Mission ' Day 



28 Day 



Pre • 
' Post 



,59 Day .Pre" 
Post 



84 Day 



Pre 
Post' 





Crew, . 






— -T 


Controls 






~^SPT 


PUT* 


y 


1 


2 ' 


3 


(ml) 


(ml) 


' (ml) 


(ml) 


(ml) 


(ml) 


. (ml) 


2097 


2088 


2394 • 


2193 


1918 


2213 


1798 


1778 


1763 


' 2104 


1882 


1949 


2299 


' t7T8 






Difference 


^-311 






pifference 


1841 


1780 


2608 


2076 


2237 


2250 


1937?- 


1728 


1427 


2332 


1829 


2154 


2259 


1899' 






Difference 


247 






Difference 


.1920 


2030 


1904 <■ — ;I951 


2119 


. 2197 ' 


1617 


1813 


18^1 


1790 


1818 


2096 


; 2187 ' 


1845 




Difference 


-133 






Difference 



(ml) 
1978 
1989 
-Mf 
2140 
2104' 
-36 
2048 
2043 
5 



••Rr^mlssioT days were 29, 20, and 21 days before laurich. respectively. Poslmlsslon day was the day pf 
recover^- 

• arlcintorl frnm rafomnro IIU14. n. 498. . . ^ 



Source: adapted from reference 111-14, p. 498. 
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l089 of red cell mi(88 is no deterrent to more 
prolohfled flights/ The etiology of the >red pefll 
>' masadrop strid afterations In reticulocyte counts 
observed at recovery is not known at this.tim^ 
" . .(.ref. IIM4).: ^ * 

The metabolism of the red celts. was Inves- 
' tigated because, previous etudies had shown 
that- thV cfrily mechanism responsible for the 
destruction of ''red; cells by;^ hyperoxla was 
peroxidation of Hjnsaturat^d fatty acids Jn the 
red cell membranes, That is, oxidation of the 
fatty acids in thtf red cell membran^ results in 
Joss of integrity, of the membrane and cell 
' destruction. Hemolysis, or 'blood breakdown, 
could be attributed, therefore, to the peroxida- 
^tion effect. Id the Skylab missions there was no 
p evidence of lipid peroxidation. Significant alte- 
rations in the glycolytic^ (glucose ^breakdown) 
• intermediates and enzymes in'ihe red cells 
were noted. Thdse alterations, however, cannot 
be interprejted as evidence of r6d cell damage 
(rof. IIM5K These data did not answer the 
etiology question concerning the loss in red 
cell maS?, A postulated control, mechanism as-^ 
( sociated with the fluid shift appears attractive 
^ (r&f:IIM2): ' . ^ 



Orthostatic Tolerance Differences 

'The loWiV body negative pressure '(LBNP) 
measure clearly was one of. the most critical ex-, 
periments mor^itored on the missions because, 
it reflected cardiovascular deterioration that 
could have forced abortion of the mission. ItMs 
important th«t the crewmembers on the third 
manned mission of 84 days did no* exhibit the 
magnitude of changes 'exhibited in the two ear- 
lier Skylab missions. The data obtained during 
flight served as ,a fairly accurate pr^iction of 
the postflight status^ of orthostatic Tolerande. 
Measurement of LBNP in weightlessness im- 
posed a greater stress upon the caridiovascular 
sy'sterti than It did under 1g conditions. 
TWO representative graphs show the nature 
\ ancf magnitude of responses in this measure- 
•Tigure'IIJ-7a shows p(efligbt response^ aind fig- ■ 
ure lll--^7b refJects inflight data for the same as- 
tronaut (ref, 111-16). During flight the leg volume . 
change Js roughly twice thiat Qt 1g (6 volume per- 
cent cojnpared to 3 volume percent), The 
"systolic blood pressure drops ffom about 130 
> mm Hg to aigund 80 whereas under 1g condi- 
tions the pressure does not reafch 100 mm Hg. 
The heartrate during flight,. shifted from about 
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Fig. III-7 a, b, c. Cardiovascular responses of the Scientist Pilot, 
.Manned Mission. (From ref. Iil*-16, p. 556 and p. 582.) ^ 
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70 beats/min to dpproximiftely 118. At 1g the 
heartrate increases from 58 to only ao beats/ 
mih at the most, ft is obvious from these data 
that' thtf LBNP test was extremely stressful 
under we^ghtless^conditigns. - \ v 

The cardiovascular responses to LBNP 
showed the greatest instability, and orthostatic 
tolerartce the greatest decrement, during tfie 
first 3 weeks Qf flight. The alterations in fidid 
distribution .during early exposure to weigpt- 
lessrYfess create iifarked cardiovascular chanjjes^ 
that impair orthostatic, tolerance mechanisms 
^within 4 or 5 days. After 5 to 7 weeks, the car- 
diovascular responses become more stable and 
the orthostatig tolerance appears to improve 
(ref. 111-16). For example, figure lll-7c shows 
the cardiovascular responses of tUe same as- 
tronaut in his last inflight test on mission day 
82. Even though the percent change in leg vol- 
ume Vkas greater than on mission-day 6 and the 
heartrate pattern was similar, the systolic blodd ' 
pressure did not drop below 100 mm Hg, Al- • 
though the diastolic blood pressure increased 
slightly, a pulse pressure of about 30 mm Hg 
was maintained during the most rigorous^ part 
of the test. The astronaut had made an adapta- 
tion and was tolerating weightlessness -'better. 
Improved orthostatic tolerance was evident even 
though'lhe calf girth continued to decrease (fig. 
^11-8), 



Hemodynamic Changes 

Additional information related to orthostatic 
tolerance, the effects of fluid shifts, and the ef- 
fects of blood volume changes was ob|^ined by 
studying hemodynamic alteratidhs in the legs 
under weightlessness. N^enous compliance and 
arterial bloo/i flow were deterniined by occlud- 
ing, venous flov(^ with a pressure cuff above the 
knee and then recording volume differences 
from a midcalf segment by means of a volume 
transducer. Flow and compliance W^re deter- 
mined by appropriate protocols. Muscle-pump- 
ing action was determined by placing the sub- 
ject in the LBNP device at -30 mm Hg. After 3 
minutes the astronaut made 10 maximal-effort 
isometric contractions, waited 1 minute, and 
then repeated the same number of contrac- 
tions. The amount of blood collected under 
negative pressure and the amount remaining 
after pumping were determined (i-ef. 111-17),- 

An increase in blood flow was observed in 
all astronauts during flight. Venous compliance 
slowly increased to day 15, slowly decreased to 
dayi40, and then dropped to less than preflight 
values at rqcoVer^. After, muscle pumping, the 
absolute blood flow increased several times. 
The compliance changes, when considered 
with the decreased blood volyfne, may provide 
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Fig. III-8. Call girth ol the three ikylab 4 crewmen measured just prior to 
each lower body negative pressure test. Tfre mean O' the 
right and left calf Is shown. (From rel. 111-16. p. 567.) 
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the baala ,foT tlie changes in orthostatic tbler- 
ance. work q^pacity, and UBNP responses (ref. 
m-17). ,', / 

Changes in Work Tolerance 

The , metabolic experiment using the bicycle 
6rg0m.etec at workloads approximating 25, 50, 
and- 75 percent ^of hhe astronaJt's maximal 
oxygen uptake capacity produced interesting 
and unexpected results. The , hypothesis* was 
that ability to perform physical work would be 
compromised during exposure to the weightless 
environment. Postflight testing of Apollo crews 
had showQ statistically significant decreases in 
work tolerance. Although this was quickly, rever- 
sible postflight^ it was a concern for longer 
nnissions. The physiological parameters mon- 
itored during the exercise tefets were respiratory 
gas^ exchange, blood pressure, and vectorcar- 



diogram/heai4i:^e. /j is (rn pott ant to note that 
during exposure^to ^ihe welghtl&s^ environment 
the crewm^ had ho^ significant decrement In 
the parameters meaiured (figure III--9), Readers 
interested in exercise physiology should see ^ 
reference 111-18. 

Posl^ight, however, all crewmembers showed 
decrem^ts in their ability to. perform the testa 
efs well as they had pre- and inflight. The in- 
dicators were highqf pulse rates ^and oxygen 
consumptions for the same- workloads, de- 
creased stroke volume, and decreased cardiac 
output at the same oxygen consumption levels. 
An Interesting finding was that the amount t>f 
exercise performed inflight v/as inversjeiy related 
to fhe length of time required postflight to re- 
turn to preflight ^tatuS arid that there was no 
relationship to length of mission. The crew of 
the Q4-day mtesion, the longest, exercised the 
jjTiost and returned to preflight condition the 
quickest "(r©'. III--18). The investigators point out 




0AY8 BEFORE FLIGHT 



1 — 1 1 1 — 

0 10 IQ 20 20 50 
PAYS AFTER FLIGHT 



Fig. III-9. Heart raid; Skylab 4 Pilot. (Modified from ref. IIM9. p. 736.) 
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that although the bicycle ergometer was an ef- 
fective stressor of the caTdiOvgscular system, 
additional provisions would have to be made on 
long-duration missions maintaining mus- 
cular strength in antig»|Wi)!^ not exer- 
cised by the ojgometer^iffi 

Mineral and Nitrogen 
Balance Alterations 

^ 0 

I 

The mineral and^ nitrogen balance studies 
were important in the Skyjab program because 
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l^lg. 111-10. Calcium balanced before, during 
and after space flight In the astro- 
nauts of the 59-day flight. (From 
* , ref. 111-18, p. 362.) 
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of the consistentjps^s of calcium and nitroger 
in earlier spade flights. These studies are. dif- 
ficult to aanduct under optfmal iaborgtory^ con- 
ditions since they require not only complete 
control of the dietary intake but also intensive 
, monitoring of urine and blood. Complete fecal 
and urine collections were required before, 
during, and following the fliglit. With the diet 
controlled, the urinary creatinine, excretion, 
calcium excretion and calcium, magnesium^ 

• phosphorus, riitrogen, and potassium balances 
could be studied. 

. In the Skylab missions, increases in urinary^ 
calcium-were observed Inflight and the calcium 
balance data, as^exemplified in figure 111-10, 
showed that cr'ewmembers continOed to lose 
calcium during weightlessness. The scientist- 
pilot (SPT) on the 5^day mission, in particular, 
showed a marked negative, calcium balance.. 
Urinary hydroxyproline,. Which is inctjcative of 
skeletal turnover and' breakdown* increased Jn- 

• flight. The mean Increase was 33. percent inrne 
first tvyo flights. When cpupled with the he^ative 
calcium balance and increased calcium excre- 
tion, the data clearly show that bone calcium is 
being lost during weightlessness. This loss oc- 
curred even though the astronauts exercised 
regularly (ref. 111-18).'' 

A question exists as to the particular bones 
from which calcium is lost. Although the studj( 
does*not answer this question precisely, it does^ 
give some insight. Radiographic estimates of 
bone mineral loss wereYnade of the distal right 
radius and ulna^(forearm) and the central left 
calcaneus (heel bone). No losses in the radius 
and ulna were observed. Mineral losses in the 
calcaneus were not evident in the shorter 28- 
day mission, but losses were evident in \f\e SPT 
of the 59-day mission and in the SPT and pilot 
(PLT) of the 84-day mission. The magnitude of 
the mineral losses'was similar to thope observed ' 
in bed-rest studies of the same duration (ref. 
IH 20). 

This investigation raises the question as to 
why no mineral lo^s was observed in the radius 
and ulna. The question^cannot be resolved from 
the current data. The arms do not serve a truly 
antigravit^ function in that normally they do not 
support the body-weight. In this case, the situa- 
tion was complicated by the fact that the arms 
were used more than the legs for moving about 
the spacecraft. The stimulation oV unaccus- 
tomed arm use may have prevented calcium 
loss from the radius and ulna, but there is no 
evidence to either support or refute, this hy- 
pothesis. Certainly it can be said that the shift 
from Igf to zero g was more detrimental \6 the 
legs than to the arms. 



Table lll-2.--S/(>'/ab crewmen. borlB mineral^ data 
po^ifllght peroBnt.ot b$aelind^ v r 



Mission 
duration 


Left 

Crewmart calcaneus ' 


Right 
radius 


RIaht 
ulna/ 


28 days 


CDR 


-1-0.5 


-0.6 


\ -0.9 


■ # . • ■ 


SPT . 


-0.9 .. , 


+1.4 


+1.9. 


I- 


PLT 


+2.7 


+0.2 


\ +3.1 


59 cjays 


. CDR 


+2.3 


-^1.4 


■ +0.4 


-«SPt 


-7.4 


+0.2 


-1.6 




PLT 


+1.4 


-1.6 


-0.4 


»8W days 


CDR 


+0.7 


-1.1 


' -1.7 




-SPT 


-4.5' < 


+1.0 


0.0 




PLT 


-7.9 


-0.6 


+1-.4 



»• Postfllght for e28-day anrf SS-day mls^on refers 
to recovery day, for the 84-day mission, it wets one 
day postflight. The^ value «how/i in the table is the 
^postflight perpent of the mean baseline established 
pref light / ^ 

« Source: adapted from' r6fe.rer)CQ 111-^0. P- 397. 



The question of mineral ipss from the bones 
Is a critical one, and there lis a need to Identify 
the bones that are losing mlneirals. Are ver- 
tebrae iilvolved? Jf the bortes become tdo weak 
from prolonged space flight, .serious, injury 
could result. Some individuals clearly lose cal- 
ciunt faster than others (see the data for the 
SPT of the second manned mission and the 
IPLT of the third-manned mission shown in table 
III-2). Thig matter requires a gr^at deal more 
study. The effect ^of specific exercises on the 
mIniBral retention of bqne has not been ade- 
quately investigated. 



^ it (s known that exercise involving additional * 
foad'uhder 1g conifiitlpns' increiaaps both -the ; 
density apd the strength of bon^s (ref. \\h^^). 
Apparently specific exercises coMld destined, 
to serve a preventive; role. The pxercise regi- 
mens used In space td date, with the. possible 
exception pf walking oi*- rxirlnlng ori the Thornton 
treadmill, would hardly be fexpected to stimulate 
bone rpuch because the loadd hiave been rela- ^ 
tiyely Ipw. Exercise should nOi be ruled out as 
a'potentisil preventive meaeiiire on ihQ basis of 
the Skylab experience. Uhles? preyerttfve)TiegsV 
ures are found, howevefv theVd'filcium V^ite Jo8s\ 
of 0.3 to 0,4 percent fier' morith observed in ' 
Skylab could be a problem (ref. lll-tB), Project , 
'this^EBte of loss over a S-y^.^r 0pan^ and. the 
bone loss would be exces$ivfr, 
' The average 24-hdur urinary (Creatinine .ex-\ 
cretipn Vvas.not^hariged under weightless con- 
ditiprts in the first two manined iti^siqne (28 
and 5!^ diiys). Creatinine e>i:oretlon j5^thaught of 

• as a function of the fat-free^ bd^y triads (ref. Ill- 
22) with' 1 gm of excreted cVieatinlne corre- " 
spondving to 17.9 kg (30.5 lb);of#an body mass , 
(ref. 111-23), ThlB^\ nltr^ogenx^ balance results 
showed that there was a pronounced increase 

. in urjnary nitrogen. excretiort/vyhiie> fecal nitro^ 
gen remained virtually unchan^e(^/The mean' 
shift jn nitrogen Mie^^^^ the^ 

' first two manned .missions froni *^preflight tp^ 
flight was approximately: 4.0 0m/<lay (ret HI- 
18). The increased loss'*f)f nitrpgen ^ndvphos- 
phorus reflected ^substantial loss In muscle 
tissue. This coincides with thp loss In Iqg vol- 
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Fig. 111-11. Exercise related quantities on Skylab missions. (From ref. 111-24, pf 415.) 



umes (refs. IIM2 an/l IIM3). The nitrogen 
balance X results were not consistent with the 
.creatinine excretion findings. Ther©/appears to 
be ilttle question of loss In \$q volumes, how* 
ever, and the Increased excretion of n[trogen 
and phosphorus Is similar to that foOnd-in bedr 
r^st studies (ref, IIM8). The data from the 84- 
day mission support4he position that Increased 
exercise helps to prevent the usual nitroaen 
loss observed in space. The loss in leg volumes 
was least on this mission (ref, Ill-^-ia) and, also 
there was a trend toward reduced nitrogen Idss. 



Exercise Regimens During FIrght 

A rapid disuse atrophy of the antigravity 
^weight-bearing muscle groi^ps appears to occur, 
in the zero-g environment Unless suitable exer- 
cise is provided as a preventive measure. For 
the first manned misston of 28 days, a bicycle 
grgometer and an isometMc device were used 
for Exercise. The losses ot strength and of 
muscle^mass, especially in the legs, were of 
sufficient magnitude that additional exercise 
times and programs were included in the sec- 
ond manned mission of 59 days. Two modifica- 
tions of the Mini Gym' (MKI and MKII) were mrade 
to provide additional exercises for the arms, 
trunk, and legs. The efgometer work was ap- 
proximately doubled from 31.3 to 65.0 watt- 
min/kg.' This crew stayed in space over twicfe 
as long and, as Indicated in figures 111-11 and 
111-^12, returned in essentially the same condi- 
tion. However, relatively large decreases were 
observed. 

• For the third manned mission of 84 days, the 
crew worked on the bicycle slightly more (71 
watt-min/kg), used the MKI and MKII exer- 
cisers, and in addition typically worked 10 min- 
utes per day walking, jumping, or jogging on 
the treadmill shown Jn figure 111-13. By angling 
the bungees, the equivalent of a slippery hill is 
created. High loads were placed on the calf 
muscles in particular. The device could not be 
used for aerobic work as fatigue was rapid 
(ref. 111-24; this reference describes specific ex- 
ercjse programs and related quantitative data). 



^ Watt-min/kg values Indicate the amqunt of work 
accomplished per unit of body weight. For example. 
, If a 70 kg man worked at a load of 150 wat<8 for 
20 min. 3000 watts of work would have been done 
(150 watts per min x 20 min). In watt-min/kg tho 
value would be 42.9 (3000 watt-min 70 kg). In 
English units this would be 862 ft-lb/lb. (1 watt^^ 
4424 ft-lb/min; 1 kg.=2.2 !b.) 
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Fig. llf-IS. Treadmill arrangement. (From ref. 
111-24, p. 411.) 

Responseis to the Exercise Regimens 

As shown in figure IIM the crew of the third 
manned mission of 84 days returned In sur- 
prisingly good condition. There was marked 
improvement In weight, leg strength, and leg 
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volama Jh\s crew-s leg volumes returjied to 
pref light levels 11 days ppstfHght. The reduc- 
tions In loss of muscle strength and bulk were 
• attributed to the exercise program and the addi- 
tional exercise -time. The MKI and MKII (Mini 
Gym devices) improved arm performance of the 
.second and third manned missions, and. the 
treadmill sharply reduced the loss of leg 
strength and mass in the third mission (ref. 
111-24)/ Apparently the basic Ideals for reason- 
able preventive exercise regimens were derived 
Inlthe Skylab expqriments. If it pan be shpwn 
that calcium is retained ^nd botie sftrength is 
maintained in a similar manh^r, the exercise^ 
base for prolonged stay in aweighlffess environ- 
ment would be adequate. ^ 

' Changes in {he Achilfes ,tendon reflex time 
were observed in the first few days following 
the flight. During space flight there is Rttle use 
of the legs as -compared with that required in 
a normal ^g pnvironmeht where the body weight 
must be supported. The sensory receptors of 
the legs, which reflect stretch and tension, are 
used less and the signal intensities are less^due 
to the lack of weight. The sensory systemjap- 
^ pears to adapt quite easily to the weightless 
condition. With return to a 1fif environment, 
initially there is an pversensitivity of the neiiro- 
muscular system. This may represent a brief 
period of hyperactivity of the proprioceptors in 
the servo feedback mechanism. A rapid read- 
justment toyhe less sensitive preflight levels 
follows (ref. 111-25). 



Time a^d Motion Studies 

- Time and motion studies were conducted for 
a number of inflight tasks (e.g., conduci of the 
LBNP testing, the experiment on metabolic ac- 
tivity, setting up the earth terrain camera, extra- 
vehicular' activity (E\/A),*suit donning and dof- 
fing). Tasks were photographed at 6 franles/sec 
and analyzed on a specialized film viewet that 
controlled the rate of presentation and align- 
ment. The crew responses were qufte similar 
across all missions.^ Initially i*the change from 
1flf to zero g, the performance time for the 
^ majority of work tasks indreased. However, the 
performance adaptation was very rapid. By the 
end bf the second trial at 7-11 days into the 
flight, about 50 percent of 4he times for all task 
elements were comparable to the test preflight 
measure. No evidence was found of perform- 
ance deterioration attributable to long-duration 
exposure to ze?o g in Skylab (ref. 111-26). This 
experiment clearly shows that adjustment to 
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zero g requires some motor leamifig but that 
the learning takes place at a rapid rate. 

One of the most' interesting tasks wias the 
donning of the space suit ^or EVA. The suits ^ 
were made tb fit each crewmember bn the 
ground. Irt zero g the astronauts became taller,- 
thus the suits were much harder to zip up. 
Further, it is difficult to^iappiy force in zero g. 
A firm base is. required 'from w|t|ich-force can be , 
applied, Uqarning how to accomplish the sim- 
plest fasks ' required adjustments. Various 
methods of ptiJiiing^ different type8^of7e$tralnts 
were studied (r6f. II I-S6). ^ 

l^estibular Function Tests i , 

Three factors were involved in the.experK 
ment on vestibular functioh: - susceptibility to 
motion sickness, threshold for p^'Sption of , 
angular ScceLeratlon, and the perceived direc- 
tion of internal and external space. Interactions 
of sensory input to the vestibular apparatus and 
central nervous system Activity are involved 
with the confounding effects provided by the 
weightless environment. Only cursory treat- 
ment can be given hete, and only a few of the 
findings have been sVlected for the reader's 
interest. ' 

In all rotation experiments inflight,* the crews 
were virtually symptom free. They demon- 
strated a lower susceptibility to iViotion sickness 
aloft than in pre- or postflight tests. Under 
^ operational conditions, however, seven of ^the 
nine crewmembers experienced motion sicly 
, ness. The drug combinations (/-Qcopolamii/e 
and cf-amphetamlne, and promethazine hydro- 
chloride and ephedrine sulfate) were effective 
jn the prevention and treaMfT&Trf^of motion sick- 
ness. As yet, there Is a lack of laboratory tests 
that accurately pr)8dict motion sickness in 
weightlessness. hJo inhibitory influences aloft 
were apparent that wdlild reduce the effective 
sensitivity of the semicircular canals to . angular 
acceleration (ref. 111*27). ^ 

Upon return to fg conditions, postflight dec- 
^ rements in postural equilibrium were observed. 
In an eyes-open test on a ra)l or balance beam, \ 
deprements were noted in only t^ree astro* 1 
nauts! However, in the eyes-closed condition of 
the same test, a considerable decrease was ob- 
served postfKght for all of them. After a rapid 
rate of improvement during the first postflight 
day, the^ecovery was slow until the return to 
preflight baselines was complete at about 2 
weeks (ref. 111-28). ^ 

All the astronauts were able to walk immedi- 
ately after leaving the Command Module, but 
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they did so with considerable difficulty. They 
^end^d to use a wlde-stanc€id shuffling gait with 
the upper torso be,nt slightly forward. VVith each 
passing hour'thay regained proficiency in their 
ability to walklfbout unaided. By the second 
day^^ there were few noticeable signs of insta- 
bility. All astronauts reported following return 
that rapid head movements produced a sensa- 
tion of mild vertigo (ref. 111-28), They also .re- 
pbrted a strange postflight sensation in the 
inner ear, like a tumbling sensation, but theV 
•did npt feel gis if they were tumbling in any 
ceMain direction. It apparently was an 'aware- 
ness of a sensory input that had not beeh ex- 
perienced fpr .some time (ref. 111-29). 

^Biochemical Alterations v 

The biochemical data collected in the Skyfab 
program present a wealth of information' oT 
great interest to anyone interested in stress 
physiology. The wide range of data includes 
routine blood measures used in clinical medi- 
cine as research-type endocrine analyses used 
to investigate . the metabolic/endocrine re- 
sponses to weightlessness. Changes have been 
reported, but the indept^i interrelationships <^f 
the many parameters will require continued 
analysis. 

'A portion of Jhe abstract presented by the 
- investigators. Leach and Rambaut, merits quo- 
tation for the perspective it provides: 

. . . the measured changes are consistent with 
the hypothesis that a relative increase in thoracic 
blood volume upon transition to the zero-gravity 
environment is interpreted as a truje intravascular 
volume expahsion^ resulting in a fluid and electro- 
lyte loss. These losses, in association with other 
factor's, ultimately result in a reduced intravas- 
cular volume leading to mcreased renin and sec- 
ondary aldosteronism. Once these compensatory 
mechanisms are effective in reestablishing fluid 
balance the crewmen are essentially adapted to 
the null-gravity environment. Although the physio- 
logic cost of this adaptation is reflected by the 
el9cfrolyte deficit and perhaps by other factors, 

n it is assumed that the^compensated state is ade- 
quate for 4he demands of the environment; how- 
ever, this new homeostatic set is not believed to 
be without physiological cofet and, without proper 
precautions, could roduco the functional reserves 

' of the crewmembers. The general catabolic state 
found' in returning space flighf^crewmen has boen 
documented with negative calcium, phosphorus, 
sodium, potassium and nitrogen balances, Future 
research efforts ^Svill bo dr/octed toWar^ the clari- 
fication of the basis for these physiological 
changes and the procedures required to prevent 



or lessen these changes on extended space 
missions. (Ref. 111-30.) ' ^ 

4 

The Skylab missions have' made it clear that^ 
man can adapt to gnd function in the weight- 
less environmpht tor extended periods of time. 
No physiological changes were noted that 
would • absolutely ' preclude longer duration^ 
sp^ace flights. The calcium loss results are Jh-* 
conclusive, and additional, research is required 
to identify and understand the underlying mech- 
anisms. Daily inflight personal exercise reg- 
imens coupled with appropriate dietary intake, 
^ sleep, and work and recreation periods are es- 
' sential for maintaining crew health and well- 
being. When the research base lias been de- 
veloped further, additional preventive or re- 
medial measures likely will be developed for 
mission durations in excess of 9 months (ref. 
111-31). 
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Chapter ly 

Significance TotHealth, Physical. 
Education, and Recreation 



It may be presumptuous'to attempt to identify 
the contributions of Skylab and Skylab-related 
p/ograms that are significant to h^ealth, physical 
education and recreation (HPR). Skylab is only 
one stage In the systematic process leading to 
continuing space exploration but Is the culmin- 
ation of space research and development up 
through Apollo. Continued Investigations based 
upon current knowledge "will follow. The find- 
ings and developmehts at this point are so volu- 
minous that selections iire necesS$ry. Many of- 
the contributions are of Immediate significance 
With others, the state of the art has been ad- 
vanced so far that the significance may not be- 
come evident for several <years or even 
decades. 

There is also ultra-long-range significance in 
time Intervals that are- measured in terrrls of 
centuries. The Identification of significant tind: 
ings Implies soitie prediction of thq^ future. 
Prediction/ however, is imperfect as reflected 
by the fact that in our history many of the truly 
Important happenings and discoveries have not 
been recognized in their tima The findings 
selected as significant, therefore, reflect the 
' professional* views of the authors. The selec- 
tions were made with full recognition of these 
limitations. 

Health, physical education and recreation all 
are professional fields in/ that their research 
bases are drawn from a wide rang^of scientific 
disciplines. The fields are not discrete or well 
defined, but rather overlap each other. There- ^ 
fore, the findings and developments deemed to 
be significant are presented as collectively rele^ . 
vant to HPR. Further classification rests with 
the readers in accordance with their specific 
interests. 

The fields of HPR cannot be viewed In iso- 
lation as one assesses the signlflcanpe of Sky- 
t«b and Skylab-related work. What Is good for 
nriankind and education Is ^ood for HPR. In 
order to place the contributions ot Skylab and 
the Skylab related progpams in perspective, the 
contributions to mankind In general will be pre- 
sented first. The more detailed contributions 
to HPR follow* 



Significance to Mankind 

Why conquer space? Today there are an- 
swers to this question: (a) Scientific khowledge 
from space about the Earth, the Sun, the uni- 
verse,, and about hunianity is being obtained 
that could be obtained in no other way; (b) The 
space program has prt)duced and is continuing 
to produce more useful new technology per 
dollar' Invested than any ot^er organized ac- 
tivity fn America today; (c) Space exploratidh 
Is needed for the Inspiration of modern man; 
(d) The space program furt(;iers International 
cooperation and favors global peace (ref. IV-1). 
^ The primary significance of the space pro- 
gram to mankirid may be related to ultimate 
survival on this planet. Humanity faces over- 
population, pollution of the environment, and 
ultimate depletion of present enwgy source^ 
The problems are Interrelated. With more 
people, -mor^ ener|[y 4s-re€[tftfed. To obtain this 
energy, the environment is polluted and our 
limited natural resources are further reduced. 
We have less than a century to solve this 
serious problem (ref. IV-2). In Chapter I we ex- 
pressed confidenpe that \)ve will meet the chaU 
lenge,t for without enercfy our technologlcaf- ^ ' 
scientific culture cannot be preserved. If this' 
culture collapses, a large percentage of our 
population wlll^die. A resolution must be found 
within the next 50 to 100 years. 

The primary source of energy for Earth, from 
which^ all other secondary sources have been>N^ 
derived over millions of ; years. Is the Sun. 
QJager has pointed out that energy production 
in Spape, converting the energy of the Sun to 
electrical energy and beaming It back to Earth 
via mlcrow^ive, currently Is within the state of 
^he art (ref. IV-3). This solution makes sense in 
th^t the feared thermal pollution would -be 
dumped into the cosmic heat sink outside our 
atmosphere. At this time, the potential for help- » 
Ing solve the^energ^ problem by the use of, 
spec? Is especially important to mankind. 

The results of space research already have 
]3Srmeat6d our entire culture. Most of us do not 
realize the extent, depth, or significance pf 
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!)ieQd contributions even though as laymen we 
h6ve been keen<y interested In the space pro- 
^TBrn. It h^s been estimated th$t space research 
has stimulated the development and use of over 
4,000 new products. ^ This figure" probably . is. 
tonservatlve as NASA^s. Marshall Spaed Flight 
Center ;alone documented over 10,000 (nnova- 
tlohs in Its ninth year of existence (ref. IV-4). 
One of the major contributions is miniature 
electronic instrumentation. Small pocl<et cal- 
culators and large-capacity, briefcase-sized' 
computers for multt)>le purposes are well-rec- 
ogfnized realities. Miniature sensors and tele- 
metry units for monitoring biophysical chanjfes 
also are well r.ecogiiized. Devices have been 
developed' for monitoring heartrate, electro- 
cardiogram, bloo3 pressure, respiration rate, 
temperature, blood flow, and many other phys- 
iological variables. The dev^opment of solid- 
state integrated circuitry to ijfteet the space re* 
quirementsof reliability, small 'size, light weight, 
and low-enqrgy needs has sp^ved to revolution- 
ize the electronics industry. As" a result, not 
only are units smaller and better but also cost 
less. ' 

Other products are pinpoint ball bearings 
that rrtade possible the development of ultra- 
high-speed dental drills; mercury-powered bat- 
teries such as those used in electric watches; 
rechargeable nickel-cadmium batteries that are 
used in electric razors, flashlights, and power 
ools; solid-state controls Tiow used in feome 
automobiles; nonchattering solenoid valves; the 
plastic designed for nose cone;s, now used for 
dishes and utensils that can tolerate large 
rapid temperature changes; fluxless aluminum 
solder; polychromic mate^al that darkens when 
exposed to sunlight and now is used in self- 
accommodating sunglasses^nd windows; laser 
modifications;' X-ray equipment with minimal, 
radiation exposure; infrared \food blaijphing; 
improved paints; ultra-thin alurrHnum foil; Paci- 
fix, the rescue system, that sends^ radio signal 
for locating downed ^aircraft, now^ mandatory on 
all aircraft; accurate portable clo'cks\and many 
m(jre.(ref. lV-5). j 

INTELSAT (International Telecommunkations 
Satellite Consortium) provides telephpn^and 
other communications between ground stations 
in tJifferent countries. Not only has the us^ 
grown, but also the costs have been reduced^ 
markedly even In a period of high inflation. 
Hglf-circuit costs from New. York to Europe 
have dropped from $10,000 to $4,625, and San 
Francisco to Honolulu circuit costs hpve been 
reduced from $17,000 to $6,700 (ref. I\A6). 

Educational television, although of recog-/ 
nized value, has had difficulty operating profit- 



ably in this country. A satellite* system, using the 
line-of-sight path of the highTfrequency waves, 
permits tnexpenslve extension of coverage. Al- 
thougl) such a gyst^m is dlfffcyit to resolve in 
densely populated areas of this country, due to 
controversy over origination and control, \i hks 
m,aj6r applipations for th^ more sparsely pop- 
ulafed areas of the United States and for under- 
developed countries with large populatiQns^and 
few trained teachers. The application is being 
tested in some 20 Government-sponsored re- • 
search projects of the Department of Health, 
Education, and Welfare and the Department of . 
Transportation. India," under contract with 
NASA, completed a sucpessful demonstration 
of uses of the system< for educational purposes 
(refs. IV-7,apd IV-8r, ; 

Communications applications ^are far from 
complete. Medical and health infoimation net- 
works, information retrieval systems, time- 
shared data processfng, consumer-data service, 
and other applicationsrare. feasible at this time 
(refs. IV-7 and rV-8), 

Sat^llte applications for the navigation and 
control of moving vehicles are only pprtially 
developed. With three stationary satellites, or 

^ three . points from a^moving satellite, a ship at 
sea can be located to within hundreds of feist. . 
The transit navigation system developed for 
the'Navy utilizes this approach. To locate an 
aircraft requires four satellites because of the 

^ additibhen l^arTable""^^^ Air-" 
craft navigation on intercontinentpl flights 
would b€! more reliable using this approach. 
The satellite system also could allow precise 

•aircraft control since, via computer, exact loca-"^' 
tions in three dimensions would be known and 
desirable courses could be determined. 

Many Earth observations have been made 
by satellites and extended by Skylab. One of 
the meteorological applications is well known 
via television weather news programs |bat rou- 
tinely present satellite pictur^, particularly 
monitoring the paths of m'ajor stdrms. H(5wever, 
many^th^ important but lese-well-Known, ap- 
•jj^lioations have been m^lde: water resources 
inventories; synoptk: views of tHe'i lEarth of 
special interest to geolbgists seekiridf^mineral 
and energy resources; assessments ofTand use, 
including areas of high fo^od production! poten-- 
tial; multispectral techniques to distinguish 

\healthy from diseased crops; precfedures for 
more economical and more accurate mapmakn 
in^; observations of changed in the oceans, in- 
cluding thermal mapping and determinations of 
the loo^tiorvand biological productivity of fish; 
and ev^i(jations of the extent and sources of 
pollutior^ (i;efs. IV-7 and IV-8).*' 
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The rr\anufacture of productsMn space offers 
one of the greatest potentials for the applica- 
tion of space technology. Certain biological 

^materials, castings, alloys, and electronic crys- 
tals that are affected. by gravity may be pro- 
duced in the zero-g conditions of space. The 
potential fo^ alloys and Ijarge semiconductor 
crystals was demonstrated on Skylab. On the 
basis of the crystals alorie, continued develop- 
ment of more complex integrated electronic 
circuitry 1s expected (ref. IV-IO). A new wave 
of beneficial products should result from the 
projected Space Shuttle missions. 
International relations have been fostered by 

^the space program. 'INTELSAT, for example, is 
a consortium of 102 nations. India was involved 
in the educational television experiments. The 
European Space Agency is collaborating with 
NASA on the Shuttle missions. The objective is 
to be of benefit to all mankind, and the open- 
ness with Which NASA has operated has served 
to generate and foster tnternatiqnal coopera- 
tion. The space prograni haS been one oi our 
best good will' ambassadors abroad. It has 
demonstrated our capabilities and our coopera- 
tiveness and has enhanced U.S. prestige 
throughout the world (ref. IV-11). 

The movement inffe space has triggered a 
reexamination of mankind's role in the universe 
and of information . from antiquity in light o( 
space-age evidence. The m^re fact that von 
Daniken's and Sendy's books were best sellers 
reflects interest (refs. IV-12 and IV-13). Intrigu- 
l^ng and controversial questions have been 
'posed as to whether extraterrestrial visitors 
were present on^ Earth in antiquity. The signif- 
icance to mankind is that re-examination otour 
hert^agp isjaking place and this should result 
in further growth. J 

The space^^ogram with its systematic estab- 
lishment of a research base and the needed 
hardware, has 'served to sti/Viulate and excite 
the* scientific pommunity. The rigid restraints 
of reliability, lowN^weight, and high-g-tolerance 
levels (to name but a few) necessarily imposed 
by the space program provided a scientific en- 
vironment that demanded new solutions and 
new technological developments. This chal- 
lenge was and is exciting to scientists regard- 
less of whether or not they are directly involved 
in space research. 

The astronauts as a group have served as ex- 
cellent models for the youth of our nation. In- 
telligent, couragqx)us, exceptionally well edu-, 
cated, articulate arid personable young men, 
J/iey were selegli^d carefully and indeed became 
a credit to their country. Their charisnia has 



helped them as ideals for young people. Thefr 
perfornance and maintenanqe of a wholesome 
image has been exemplary. 

The advancement in communication \and 
compi ter technology, -both space related, have 
been only partially transferred to use in educa- 
tion a: this time. A computer network is pos- 
sible tiat could provide any student even in the 
smallest college with access to the great li- 
brgirie ) of the nation (ref, IV-7). It is uneconomi- 
cal an i rather tragic that students and scholars 
spend the major portion of theit time searching 
for desired information, a tedious task that a 
compiter can do bo|h faster and cheaper. The 
curren ly available technology would allow a 
question to be posed to a cibmputer terminal 
and th 5 signal to be transmitted via satellite to a 
centra computer system (ref. IV>7^. The an- 
swer could be returned to the computer ter- 
minal or printout in a matter of minutes. This is 
all po! sible today, but it requires organization, 
devekjpment and funding. 

The p(^tential of satellite use for beariii^Q 
proarjims to remote^^areas has bej^d.^^^'Ovetr^fT 
the^dgal and poMt|ca|.lpr^rem can also be 
solvlsC^^i^f.-^hZ-TST and useful "software" de- 
veloped, major educational contributions ap- 
parently could be made to remote areas and to 
the- less developed countries. However, the 
potential Use of educational television has much 
broader Implications for all segments of the 
educational* community in terms of both econ- 
omy and quaJity. Although television canpot re- 
place the teacher, many aspects of teaching can 
be handled as well or better by television pro- 
vided th^t the necessary programs are devel- 
oped ant! made available. 

In the few years since R/esident Kennedy 
presented to Congress a program aimed at 
putting man on the Moon before 1970. the U.S. 
space prograa\ has made exceptional funda- 
mental contributions to ^knowledge. This knowl- 
edge has served to provide new perspectives 
across -education from kindergarten ^ through 
graduate school. The extent and depth of thp 
contributions is staggering: applications to 
mapping, 'navigation, communicatipn, astron- 
omy, ecology, physics, meteorology, physiology, 
mediciwB, geology, oceanography, engineering, 
agriculture, information Science, and various 
types of technology. Some indication of the vol- 
\ime of these contributions is evident from se- 
fected references (refs. IV-1,.IV-8, IV-11, IV-^16 
thijbugh tV-^2). . - [ 
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Significance to Health; Physics^l 
Educsiiion, and Recreation 

The significance of Skylab and SKylab-related 
programs to HPRJs c^uite broad. Attitudes to- ' 
ward change, new products and delivery sys- 
tems, assessment pf iand use, progress in re- 
search instrumentation, and the extensive con- 
tribution to the bodies of knowledge upon which 
^ our, fields rest/are presented in this section^ 

Attitudie Toward Change, in good teaching 
it is essential to prepare one's students for the 
future insofar as possible. The Space Shuttle 
will become operational Jn the early 1980's' 
Clearly people will go info space* progressively 
more as' the costs of payloads decrease, \o 
utilize space for its unique characteristics. 
Therefore, it Is Important that we teach about 
space, how it can be utilired, the effects of 
weightlessness, and the techniques to avoid 
physical deterioration. Changes are rapid in our 
current society. New fechnologies and new data 
are rendering obsolete many of the concepts . 
and techniques currently being taught. No 
longer is it possible to teach materials and con- 
cepts that can be expected to be used through- 
jout an individuals profesgipnai career. 

Change has forced revisions in ^approaches 
to teaching.. Rather than facts *and skills alone 
being taught,- more attentiqn fs being given to 
the techniques of reading and interpreting re- 
search and the bases for making judgments 
concerning implications and applications v5f 
new* information. Students must be taught how 
to cope with change by keeping abreast of new 
findings and by continued study after leaving 
• school. Without a healthylattitude toward meet- 
ing the challenge of chai/ge and coping with It. 
personal insecurities and fixed minds develop. 
Static concepts become dogma retarding the ' 
advancement of a culture. Our young people of 
today, as a group, atve bright and well prepared; 
but thfey are growing up In a world that is in- 
^secure with its* grbWing pains. It Is important 
that our students become leader^ in evaluating 
and reacting individually ancf Independently in 
the face of change. 

For example, before the turn, of the century 
Morpurgo (ref. IV-23) observed hypertrophy of 
Imuscle fibers as a result of work. He discounted 
the possibility that hyperplasia (an increase in 
the number of fibers) might take place. Based 
primarily on 4his Information, most students 
have been taught that the individual, as a result 
of heredity, has a given number of muscle 
fibers. Consequently, exercise programs com- 



monly are believed only to modify existing 
fibers. For years this concept has been taken 
into consideration in developfng. exercise pro- 
grams, and it has become fairly fixed as a scien- 
^fic fact. But, what if new evidence showed that 
hyperplasia may occur? Depending on the 
nature of the evidence, it could force a shakeup 
in programs and the redevelopment of curricula. 
New data, )n fact, have shown that hyperplasia 
may occur as the re^suit of triiining (refs. IV-24 
through. IV-26). New interprtetation is necessary. 
Are the data sufficiently conclusive to warrant 
redevelopment of curricula? Probably hot at^ 
this time, but further researfch may indicate thai 
revisions are necessary. An attituda toward, 
change based on systematic research-to-prac- 
tice models is indicated.. ^ 

The results^ of aviation psychology research 
show that the greatest successes In aviation are 
achieved by those Individuals who experience 
positive emotions from the very process of over- 
coming difficulties (ref.' IV-27). Such mental 
adaptability to change likely must be experi- 
enced to be understood. Sports participation 
provides an excellent iaboratpry for. strategy 
and adaptability to changd in adv^^rse situations.. 
The well-kflown statement of Wellington, that 
the English warleaders vv^re develcfc^ the 
playing fields of Eton, has merit In a competi- 
tive sports situation at. any level, decisions re- 
garding strategy must be made, modified, and 
executed. Responsibility for decisions -is as- 
sumed in an emotionally charged environment 
where an excessive number of recommenda-> 
tions or commaonds may be provided by team- 
mates or the coach. Training that includes prob- 
able emergency situations requiring decisions 
js important; it promotes confidence ^nd seryes 
as a prophylaxis of neuroemotional stress. Pre- 
pared decisions with additional modifications to 
be made in light 61 changing conditions pro- 
motes confidence fn decisionmaking. The^mi- 
larities between the formal training of astto: 
nauts in decisionmaking (ref. l\/-27) and th 
pragmatic training of sportsmen are very close, 
jn light of our rapidly c(;iang>ng society, .HPR 
curricula probably should include more breadth 
of training in the decisionmaking process. All 
students would benefit from suph experiences. 

Responses to Multiple Stressors. The 

alterations produced in the body by multiple 
space flight factors (stressors) is one of the key 
problemis of space biology and medicine (ref. 
l\/~28). The research summarized by Antipov 
<ref. IV^28) and the SMEAT^^(rerf. IV-20) and 
Skylab (ref. IV~19) data .are highly relevant to 
HPR* The uniqliQ ^pace environment imposes 
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mulUple streseors simultaneously. Some o are 
immecyate and act over relntively short .periods 
(tf.g., vibralfon, apcelerafton, noise, heat) while 
others act over longer periods (e.g,, weightless- 
ness, fncreased' radiation) limited space, re- 
duced motor/ activity, environmental, gases, 
e(notional stress) (rets. .IV'-28 and IV-29). 

The term ^'stress*' was introduced by Selye 
(ref. IV-30) to describee nonspecific adaptive 
reaction of thfe organism to persisfl^ht stimuli in 
the environment. The stimuli (stressors) could 
be chemical, phy*^ical, biological, or psVchologi- 
cal. A typical hprmona^respbnse involving the 
pituitary-adrenal axis was elicited. This has 
been called the general adaptation syndrome 
(GAS) and is evident in three stages: alarm, re- 
sistance, and exJidustipn. Jhe tQrm stress, how- ' 
ever, (s now being used more broadly to include 
cspecific adaptations, to specific stressors or any 
^obilization of the organi$m'sQresources when 
factors acting on the organism threaten working 
capacity or survival (ref. 17-27). , 

tK^ gas concept has been most^ useful in 
HPR and provides a basis. for understanding the 
training phenomenon. Initial lossesy that occur 
early in training 'regimens sucti as decrements 
. in performance capacity (ref.MV-31), decreases 
in the red -cell count (rgf. IV^32), and the com- 
mon early weight gain Jn wejghf-loss programs 
parallel the alarnrv reaction. The resistance or 
adaptation phase is readily recognized in train- 
ing studies, and the level'of adaptation attained 
is rolafed, to the intensity and .duration of the 
trair)ing regimen. The exhaustion phase is i^bt 
'^ie'eh' in CQntrollec:^j|hurfian 'atudies but is ob- 
\ served in animal studies whe/i stressing agents 
are applied, cont^fiuoj^sly' for long periods of ~ 
• time. " " " .'-T^*. 

. It isJfiteresting to note that palterils of adap- 
.tgtion ar^e' acquired. For e(xam]Dle, assume 't^at , 
two^ groups of animals are studied: a control 
grawp and ar^ experimental groyfKin this inves- ' 
ligation, the, control animajs will be maintained, 
under stand&rd'laboratory corvditioTvs, while the ^ 
experimental animals., are' *preconditiohed to a 
cold environment by several-weeks of exposure 
to progressive decreases in temperature. A 
stres<§ response, wilLbe elicitefl 'in the experi- 
. mental animals; but, if the exposure io cold is 
sufficiently gradual, these animals will pass 
through tfie alarm stage and i^nto the resistance 
or adaptation sta^e. 

Now assume th#, fGllove^jnfg the conditioning 
period, both groups. of animals are housed at 
nojmal temperatures for'-^pveral months before 
being subjected suddenly 'to extreme cold . 
(' 10*'F). The animals in the control group will' 
*dJe. JfuicKly during a^ severe alarm reaction, } 



whereas the experimental animals that have Ac- 
quired a specific resistance will survive for 
sbme fime until fmaUy the stage of exhaustion 
sets in (ref. IV-33^ There is little gqestion that 
such specific resistances are developed. Ani- 
mals that ha<^e been stressed by early exercise, 
regimens respond favorably to sub^sequ^nt exer- 
cise proqr^s (ref. \\/-34), > ' 

The phenomenon of "cross resistance** has 
gained considerable attention in recent years. 
In one study, different*, experimental groups 
were stressed with exercise, restraint, and a 
noxious substance injected under the skin,** 
whiKe a control grdUp was maintained under 
standard laboratory conditions. Following the 
corfditi^ning period; all animals were subjeigfed 
to a heavy stressor of a different type for several 
days prior to sacrifice. The animals* hearts were ^ 
sectionod, stained,, and 'examined for heart 
pathology. The control animals that had re- 
ceived lib conditioning showed considerable 
pathology, whereas the hearts of the animals' 
that had been preconditioned were essentially 
normal (ref. IV-35). The fact that the condi- 
tioned animals did not show path6logy reflects 
a cross resistance. ^ ^ 

Such informatidn,*if adequa^ly supported by 
additional research,' could be nighly important 
to HPR. It^odfd make good senaffi^in ^ou^^friech- 
anized qglture, which continually requir^Jle^s 
and less physical work and whitti is^chan^ing so 
rapidly that future stresses cannot be pfedict^tl,^ 
to^ develop programs so that cfoss resistance 
can be obtained during the school years. In- 
deed, bubc^ has recommended that Our .youth 
obtain'such^cross resistances thrpugfi vigoraus 
physical activity (ref. IV-36). 

Current information suggests that^the acquisi- 
tion bf cross, resistance is ojnly partially pre- 
dictab'le. If animals *that hav^e been precondi- 
tioned by a moderate exercise pro^rafn liae 
subjected. \o a *regimen of tnild but* anpoying 
electrical shocks, the ^priqr . exercise* has the 
protective effect of minimizin^'^the an)<fiety-in^ 
duced heart darp^ge^hat usually accompanies 
a period of chronic shock exposLpe'Vof. IV~37). 
Cross re^stance is evident. On the other hand, 
if there is no^prior exercise program byj exer- 
cise and electrical shock regimens are initiated 
simultaneously ^fs double stressors, an in- 
creased iQoiclence of heaj^t pathology is ,ob^ 
served (rc*f. IV 37). In this'case, cross resistance 
is not expected. Jn fact, the pfjenomenon of an 
jncreased'Stress response to c?bncurrent douJble 
stressors often is cafled "cr6ss .sensitization?' 

It should be recognized that'cross resistance 
has practical limitations. For example, prior 
exercise cannot alleviate the effects of some 
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very debMltatlng stressors. Resistance to a 
lethal dose of irradiation is not^itered by a pro- 
gram of previous exercise. Evidence Is not aVafi* 
able concerning the effects of exercise on sub- 
lethal doses of irradiation (ref. \\/-3B), 

The combined Soviet and U.S. studies (ref. 
IV-22) and the Skylab resutis^lref. lV-19 and 
IV-20) have been v^ry useful In extending th? 

' knowledge base regarding sequential and 
sinaultaheous applioAtions of multiple stressors. 
The unique heeds of- the space .prograpi re- 
quired accelerated resear,ch in^ this area. Al- 
though the data on cros^ resistance and cross 
sensltlz|[ion are not fully Jnterpretable at this 

j tinw, much new information 'has resulted. For 
example, it is known .now that the combinejl 
effect of simultaneously imposed stress agents 
may differ significantly from the effects pro- 
duced by each factor individually (ref. IV-28)., 
In different types of interactions )he stressors 
may be mutually additive, synergistic, or an- 
tagonistic. An additive interaction isf' one In 
which the effect pf a combination is eqOal to 
the sum of^hB individual effe(!!(ts of each of the . 
factors. In a synergistic interaction, the combi- 
nation of factors will yield a greater effect th^n 
the simplei* sum of the individual effects. The 
overall effect is less than the sum of Jhe indi- 
vidual effects in an antagonistic interaction 
(ref. lV-~2^). 

f Some of the combiped effects of various 
stressors that .are presented by Antipov, et al. 
(reT. IV-28) provide good exahiples. With ac- 
celeration and hypodynamia (Inactivity), accel- 
eration tolerance' is decreased. With acceler- 
ation and ionizing irradiation, the resistance to 
acceleratten is increased 1 to 6 days following 
irradiation, Following day 7, the acceleration 
resistance is decreased markedly. With vibra- 

^ tion and heat, a synergistic effect was observed. 
Heat alone (4&,VC, 20 min) did not cause death 
In rat$, but vibration and acceleration (5-800 
Hz, 17.5 g) caused the death of 7.5 percent. 
When rats were exposed to both heat'and vibra- 
tion, the mortality rate rose to 65 percent. On 
the other hand, prior vibration exposure re- 
duced the effects of ionizing irradiation (if vibra- 
tion stress is applied, following irradiation, the 
effe'^t becomes synergistic). Order, timet se- 
quence, number of stressors, and* types of stres- 
sors all appear to be important in the ultimate 
response. * 

No complete model Is available from which to 
work at this time. Selye's general mddels (refs. 
'IV-30, IV-33, and IV 35) are helpful but arei^t 
adequate. FurthW research is needed. The suc- 
cessfuJ solution tosJhe problem pf the combined 
Influence of *hiultipie stressors is important not 



bnly to preflight training and postfllght rehabili- 
tation of astronauts, but also to preventive medi- 
cine, patient d|re, and the development of 
school health and physical education curricula. 
The true values'of the extensive endocdne, bio* 
chemical, nutritional, and physiQioglcal data ob- 
tained from SMEAT and Skylab In understand- 
ing multiple stress effects are yet to be realized. 

P\l Oscai is right that exercise in early life In- 
hibits the later aevelopm6nt of fat cells' (ref. 
IV-39), il muscle fiberl^can be modified as is 
suggested by the early hyperplasia data (fefs. 
IV--25 and IV-t26), and if appropriate stressors 

^ can be identified to'^safely produce cross re- 

* sistance In children, then new and highly Im- 
portant directions in curriculum development 

^ for HPR are indicated. ■ f ■ 

Astronaut Models for Youiitf People. The 

astronauts were identified as exemplary models 
for young peopie^^Howevetf, therje is more to It 
^ than that: There are lessons fcJf* students ipnd 
teachers alike/ Repeatedly, some of the astro- 
nauts commented on their reactions to space. 
They expressed feelings of wonderment, of 
perqcfnal siHaltness, of love for family and for 
ifellowman, '^Somethir^g" happened to them. 
Certainly uppn their retuw they were mten 
apart. Was it something spiritual that resulted in 
•an extra^^appreciatlori for mankind and lifeT'The 
possibility cannot be discounted. 

Possibly, in theirVreparations and during the 
actual space flights, the astronauts taped the 
most rigorous tests of their lives and found that 
they measured up to the challenge. The old 
saying,' "From the hottest fire comes the strong- 
est ' steel," may be applicable. Satisfaction 
comes from "measyrihg up.^' There is a lesson 
here. The worthwhile things in life still require 
intensive effort. It behooves each individual to 
set high goals and tg work toward them. A 
^ cause outside one's self, which will aid others, 
is especially healthy. 
* ' The^deceptively difficult professional fields of 
HPR need such dedication. Attitu«le^ motiva- 
tion, and self-respect gre ndt only essential 
elements for a dynamic society ,but for a viable 
profession as well. Without question, major 
turnarounds are rn order for large segments of 
HPR. By ''measuriRg up,'' by transmitting our 
dedication/Nand love for fellbwman through our 
v^profQSsionaNieldsi' w6 can and should be potent 
Torces irr the maintenance of all that is good in 
our society. ' 

Ecology and Land U^e. Remote sensing of 
the Earth from space, as undertaken In the 
Earth Resources' Technology Satellite~-1 prp- 



grams (now called Landsat) (ref. lV-8), and ex- 
tended in Skylab (ref. IV-^tO) Is of primary im- 
portanjpe in establishing ecological relation- 
ships to health, leisure, ancj recreation. The 
igiplications of remote sensing to leisure and 
>ecreation have been discussed in detaiT by 
Dunn (refs. lV-41 throOgh lV-'44). She has re- 
viewed both direct and indirect applications. 
The direct applications mentioned suggest that 
remote sensing can be used to (a) monitor Ihe 
changes in usage or functijn of open space and 
recreation facilities; >^b) observe the environ- 
mental impact of recreation use on public and 
^|b^at9 lands; (c) locate pollutarfts and their 
mjjbrces both inside and outside of recreation 
. resources; (d) detect 'diseases in biologicat sys- 
tems; and (e) track free-living animals in their 
natural environment (e.g., bear, elk, wtiales, and 
elephants). * 

Jndirect^applications mentioned suggest that 
remote sensing can be used to (a) identify and 
obseryp natural geophysical, hydrological, bio- 
logical, and climatological systems that atfect 
recreation resources and their users; (b) moni- 
tor man-made transportation, communication, 
commercial, industrial, agricultural, and resi- 
dential systems that affect recreation; and (c) 
atquire large amounts of information never 
available previously. In Dunn's view (ref. IV-41), 
tile most important potential benefits to leisure 
research and regreation planning appear to be 
iiq this indirect sphere. fMew- respons^^ibilify and 
accountability will be placed, upon planners for 
the long-term effects of their actions. Remote 
sensing already appears to. offer a means of 
achieving viable alternatives to the present Un- 
checked rates of change in the social and physi- 
cal en\Aironments. The work to date is encourag- 
ing regarding the potential of remote sensing in 
recreation planning. Greater commurvication is 
needed now between technology and the re- 
search- and planfiing process (ref. I\/~41). 

Remote sensing provides a tool of particular 
importance to the ecology of, our planet^ Health- 
related impJications ^re Obvious. The^ develop- 
ments initiated in the unmanned satellite pro- 
grams jref. lV-8) and extended in Skylab (ref. 
IVa40) have added an essential tbol for con- 
tinued data input. The growing population with 
its greater expectations for a higher standard of 
living consurpes more resources, occ\iQies more 
space, produces more waste, and puts more 
pressure on on already fragile earth environ- 
ment (ref. IV 7). Change can bo monitored sys- 
tematically, and the-rosearch base for intelligent 
and responsible decisionmaking can bo supple- 
*montod. Tronds will booom^^ evident before they 
are irreversible or unmanageable. 



Since the ecope of remote sensing is broad 
and the types of sensors available are technical 
(i.e., microwavis, Infrared, etc.), discussion of 
remote sensing must be limited. Water pollu- 
tion, thermal pollution, air pollution, the relative 
health of the oceans, and extehded effects 
from one geographic a Tea to another already 
are being monitored. The significance to health, 
in particular community health, is evident. 
These data must be utilized by local, state, na- 
tional, and international agencies in planning 
and control. The applicatrons of remote sensing 
to agriculture, forestry, geography, and mete- 
orology all have further indirect implications for 
HPR. (Further information may be found in refs. 
IV~7 and IV-8.) Large amounts of data have 
been generated over a relatively short period of 
time. The data must be scrutinized carefully by 
professionals in HPR and the most relevant re- 
sults should be brougj/lt to bear on the profes- 
sion immediately. 

Bioinstrumentation, The rigid specifica- 
tions regarding weight and reliability that were 
placed on instruments for space stimulated the 
development of microgircuilry. The need for 
continuous ground moni,toring resulteCT in the 
design of unique light-weight sensors, trans- 
ducers, telemetry units, and sophisticated com- 
puters with analog-digital interface capability 
for rapid calculation of large quantities of data. 
The changing needs of the space program also 
have served to accelerate the development of 
'instruments for use in health c*are and research. 
Infant breathing monitors. X-ray enhancement, 
pressure transducers for intravascular measure- 
ment, improved heart J)acemakers, biopotential 
electrodes, minute muscle accelerometers, radi- 
ation dosimeters, dry stained slides, «nd auto- 
matic blood pressure devices are just a few of 
the many examples. . ' 

' Developments iiave continued through Sky- 
lab. The ergometer that could, be operated In 
sever^al modes (j.#, §et work independent of 
pedal ra^eSt.work dependent upon pedal rate, 
ar)d work adjusted to heartrate), the teflon 
treadmill, arKi the online procedures used to 
measure >^nd calcutate energy metabolism were 
Another example mentioned earlier 'h 
the'^'ii^ice used for mass measurement in a 
weightlfcss environment. Tftis new instrumenta- 
tion has\broadened the scope of research. Con- 
tinued developments by manufacturers are to. be 
expGctedl Today, for example, good single- 
channel ttlomctry units are available commer- 
cially to j^cord exorcise olectrocardiogr^rHs. 
Low cos(V«m|jltichnnnel telemetry transmitters 
and recorders with plug-in amplifiers or bridges 
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,for making various meaaurements are novy with- 
iri the state of the art. 

The Integrated Medical and Behavioral Lab- 
oratory Measurement Sya'tem (IMBLMS). which 
was developed for health monitoring in space, 
has applicatlon6j»n Earth. Health care services 
are lnacces$ible|(or many Americans, especially 
tho6e living In remote areas or in , the inn^r city. 
Health care services still suffer from a lack of 
comnrii|tilcation and inadequate organization- 
factors that adversely affect their availability, 
cost, quality, land efficiency. Costs are high and 
health personnel are in short supply (ref. l\/-45). 
The 1MBLMS, mann^ed by physicians' assistants; 
Is under test. The rtemot^iy locajted field units 
are supported by a control c^nter located adr 
jacent to a hospital facility. NeW instrumenta- 
tion, manned by paramedical personnel and 
equipped with two-way communications for con- 
sultation and emergency purposes, appears to 
be' a viable option as a supplementary health 
delivery system. ^ 

Research on the Effects of Exercise. The 

research on exercise conducted at Harding 
College by H. Olree, R. Corbin. and C. Smith 
provided a" basrs for determining the exercise 
regimerts and durations used on Skylab. They* 
evaluated various ^durations of exercise and 
studied the effects of defined exercise programs 
using several modalities, including small com- 
mercial ddVices such as the Exer-genie and the 
Mini-gym. They found that riding a bicycle and 
running at comparable heartrates produced 
similar gains in physical fitness variables. Sub- 
jects who exercised at a heartrate 0M8O bed^/ 
min made greater gains rn physical fitness than 
did those exercising at hdartrates of 140 or 16Q 
beats/min. Subjects exercising 60 min/day 
made greater gains than those exprcising 20 or 
f40 min/day at the ^ame workload. Qreater gains 
resulted in subjects who exercised jl2 times/ 
week than in those who exercised (5nly 3 or 6 
tlme^/Week. Subjects who discontinued training 
slowly deconditipned, but a moderate level of 
fitness could be maintained by exercising at a 
pulse rate of 160 beats/min for three 20-minute 
periods Qach week (ref. l\/-46). 

The Harding College findings are important 
for individuals pretscribing exercise programs. 
The studies were well controlled and well exe- 
cuted in a sound research environment. More 
of this material should be published In the 
regular 9cientifiC journal^. Howtver, it is Very 
difficult for active investigators to^keep up on 
their writing chores, particularly when exciting 
.programs such as Skylat) and the Shuttle. mis- 
sions are underway. 



The exercise data collected under 1g condi- 
tions in SMEAT (r^.; I^^20i are quite valuable. 
Ttie exercise dat'^';cJa(ldcted on $kylab. are 
hf^hly important as is snown in^ chapter III and 
in .the outline below (refV. IV-^7 thrpugh IV-^). 
' In tlie joint U.3.-Sovidt reviews there Is q wealth 
of evidence on exercise. This source is Irti- 
portant because the exercise stuc^ies iare not in 
journals usually monitored by exercise, physi- 
ologists. . 

Contributions to Qur Body of Knowledge. 

A plethora of new research evidence has ema- 
nated from Skylab and Skytab-related efforts. 
This research is far too extensive to attempt to, 
present In detail here.. Fortunately, much of the 
\work has been> reviewed in the Joint U.S.- 
uJ.S.S.R. publication foundations of Space BIqI- 
\)0y and Medhine (ref. l\/~22) or has been pre- 
sented in «bme detail in the SMEAT report (rel. 
1^-20) and the Proceedings of the Skylab Life 
Science Symposium (ref. tV-19). 

The following outline has been organized to 
identify relevant aregs, to describe briefly the 
type of information presented, and to comment 
regarding the significance of the information tO 
HPR. Selected recent. review or research refer- 
ences are given. Thd interested reader wishing 
additional References may obtain them from the 
review (bibliographies. The outline is Intended 
only to aid in identifying new and potentially 
useful researchMindings. 

' I. Barometric pressure and gas composition (ref* 
IV-14). ^ 

A. Altitude decompression si<2kne8S in rela- 
tion to age, obesity, exercise, and oxygen 
breathing. (Significant effects of condition- 
ing and leanness.) 1 
Oxygen breathing prior to work at altWude. 
(Effective prior to anaerobic work at.alti- 

. lude?) 

C. .Cross-resistance effe\:ts of hypoxia. 

b. Hypoxia adaptations \t\(i chronic hypoxia 
adaptations. (Little is H known concerning 
"hypoxia" trainirig techniques. Enzyme 
shifts and mitochondrial alterations may be 
reievan^) 

II. Thermal exchange 'and temperature stress (ref.* 
IV*50). ' . • 

A. Gomfort zones for various, air velocities, 
humidity, clothing, and work levels. (Adds 
information relev^nl to sports environments. 
. Supplements football clothing studies of 
I thermal balance. Soa ref. I\^-51.) 
n. Heat dissipation in oxercisfe. . 

C. Overheating and thermal tolerance. 

D. Models of human temperature regulation. 
(Mpdol may be applicable to HPR fields.) 



III. GlQvilationnl biology; effects of forces above 
^g (ref. IV-b2).. 

A. Estimated chronic acceleration tolerance. ^ 

B. Growth and development under different 
gravity conditions. (May add to our knowl- 
edge concerning 'normal growth,) 

C. Effect of positive gravity on skeletal* growth. 
' (Relevance to bone changes under stressful 

\ training situations: Wolff's Law. See ref. 
\ IV-53.) 

D. Effect of positive gravity ori muscle growth. 

E. Effect of positive gravity exposure on work- 
ing capacity. (Animals reared under posi- 
tive gravity conditions outperformed ani- 

. ' *^ mal3, reared under 1g conditions.) 

f. Chronig acceleration effects on blood 
measuros. (RolovanI to stress and training.) 

G. Chronic acceleration effects on body com- 
position. (Relevant to stress and training.) 

IV. Prolonged linear and radial acpelerations (ref. 
IV-54), 

A. Human rosislancc to accolorations. 

ii. Effects, of acceleration on physioldbic sys- 
tems such "ns cardiovascula?, respfratory, 
necA/ous, and^ andpcrino. (Better under- 
standing of systems under stress.) 

C. Work capacity under prolonged accelera- 
tion. \ 

D. Adaptation to ^acceleration. (Rclevance^to 
**cross rqsistance.") 

E. Methods of increasing resistanco to accele- 
ration. (Highly relevant to pfiysical training.) 

F. 'Adaptation to hypoxia, (Rolevant.^ to '*liy- 

poxic*' training. ),v 

V. ^ Impact accolorations (ref. IV-55)- , 

A. Physiofogic and pathologic offocts of hnoar 
impact. (Dt\ta aro^higfily rolovant to sports 
injuries.) 

1. Ho^d injuries. (Data related to concus- 
sion). 

2, Spinal impact. (Data rolatod to spoar 
, hlockirur and spinal injuries of football.) 

3 Transverse impact, 

B. Toloranco limits.' (Provides a base for 
sports.) 

C. Vertebral and inte^rvortobral strongtfis. (Pro- 
yidos a base for sports,) 

D. Impact protection. 

E. Relations of pfiysical inacfivity ' (Fffocts of 
<^ oxercfsr in development and maintonanco 

of bone* strength.) 

VI. . Angular velocities, angular acpc^lorations. and 
* (:bri()l«; accolorations (rnfs. IV-5i6 and IV 57). 

A. Arlatomical physiological oxplanations of 
vostib'ular apparatus with patfiways into the 
central horvouf; systorrr (Irulopth trcsitmon! 
of the <)fostibular mocfianism; of 'particular 
valuo to, thoso interested in vestibular 
mocfianism function.) 

B. Manlf; forco environments: torrostrial and 
In woiqfitlossnoss. (Forco environment 
analyses of terrestrial and weightless con 
ditions nrv unique. Concepts are of value in 
biomechanics.) 



C. Postural control and the rotary environ- 
ment. (Treatment of vestibular sensor func- 
tions and their inpur into the central ner- 
vous system, relevant to those interested in 
complex movements and-biomechanics.) 

□. Motion sjckness: susceptibility and treat- 
ment. 

iA|> Effects of prolonged exposure to weightless- 
^ ness on postural equlhbriffm (ref. lV-58), 
Changes in postural Equilibrium from pre- to 
postmission. (Posturat stability affected by pro- 
longed weightlessness. Hypothetical mecha- 
nisms are particularly relevant to those in- 
terest^ in reflexes and "learned" patterns*.) 
VIII. Weightfe^sness (ref. IV-59). 

A. Working model of the influence of weight- 
lessness on man (ref. IV-5a).- (Summary 
chart reflects state of data just prior to 
Skylab; see ref. IV-59, p. 319.) 

B. Body mass changes in Skylab (ref. IV-60). 
(Reflects losses early in mission but regain- 
ing of woighr in longer missions. Measure- 

I mont device is unique; see ref. IV-60, pp. 
y 374-5,) 

C. Cardiovascular. 

1. Orthostatic lolorance changes ob- 
served in Skylab missions (ref. IV-61). 
Comparison results under 1g conditions 

_ (ref. IV-62).. (Crew of longest rriission 
showed fewer ghanges than shorter 
missions Orthostatic tx)|erance appar- 
ently not a deterrent to extended space 
flights.) 

^. Red blood cell mass, life span, and 
metabolism measured in Skylab ^refs. 
IV-B3 and IV-64) and under ^g condi- 
tions (rofs. IV 65 wd IV-Gfi). (Red cell 
mass decreased oarly in fligfit, but in 
longor missions started regeneration. 
Significant qtiestions regarding etiology 
and crttitrol mecfianisms for changes.) 
^ 3. Cardiac si/o (refs. IV-59. IV 67, and IV- 
6R) (Cardiac si/o decreased in pro- 
longed weightless environment. Decre- 
ments were riot related to mission dura- 
^ Won.) 

A. Floctromectiarucal propnrties of the 
cardioN/ascular system (refs. IV'59 and 
IV-69). (Postflight temporary alterations 
in systolic time intervals suggested trarVj 
siont functional impairment In veno^is 
return and stroke volume Good exer- 
ciser data wtUi moasured sy.^to|ic lime, 
intervals. l5ala reflect decreased blood 
valtimes postflight.) 
D Calcnim baUinco *?uul skc^letal cfiangrfs 

rtreasurod in Skylat) (rofs. IV 70 and IV-71) 

and under 1q conditions (refs. IV-7P and IV- 

TM , ; 

1 lncroafi<fv; in urinary calcium obsorved 
in space, (^alcitim IJaliince was \)o\ ob- 
tained in spa(je in any of the rtnissions 
(ref. IV-70). 
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2. No wlnerfll loaaes observed In the 
, radlua and utna based on radiographic 

estimates. Significant mlnerallosses ob- 
^ served In ps ca/c/^ of , two crewmembers 

tref. IV-71). 

.3. Highly variable talclum loss and bone * 
mineral loss among crewmembers ex- 
posed to weightlessness (refs. IV-70 
and lV-71). ^ - . 

4, Physical activity for maintenance of 
skeletal Integrity supported by hypo- 
dynamia and weightlessness studies 
(refs. IV-59, IV-70, and IV-71). 

E. l\/lusctjlar changes. 

1. Changes In muscular strength (ref. IV- 
47). (Muscular strength decrements ob- 
served In all missions. Use of progres- 
sively more intensive exercise regimens 
reduced the . decrements* indicating 
strength can be retained; see ref. IV-47). ' 

2. Nitrogen loss continued in space (ref. 
'IV-70). (Nitrogen loss reflecting loss of 
muscle mass was never completely 
stopped; see ref. IV-70.) 

3. Muscle girths continued to decrease ' . 
■ (ref. iy-74). (Losses of muscle girth 

and volumes were never, completely _ IX, 
stopped; see refs. IV-47 and IV-74. 
Data Indicate that with further adjust- 
ments of exercise regimens that balance 
. could be obtained. Refs. IV-47, IV-70, 
agd IV-74 are highly significant to Exer- 
cise physiology and use of exerctse for 
preventive and rehabilitative |:^rposes.) 

F. Neuromuscular changes (ref. IV-75), (Sig- 
'nl|icantly shortened Achilles tendon reflex 
times obtained postflight. Altered feedback 

^ and response due to lack of use and pps- ' ^ „ 
^ tural servo-feedback is proposed. These te- X. 
. suits coupled with peculiar gait postflight 
are signifipant to learning and biomO- 
chanics.) ^ & 

G. Work performance. , ^ 

1, Time-motion study of selected work 
. tasks conducted on Skylab (ref. IV-7et) 

•and under 1gf conditions (ref. IV-77). 
(Performance of ^ta9ks' under zero-g con- ' ' 
ditions required "learning" of the tasks. 
^ Increase in height in space makes don- XI. 
ning spaco suit more difficult; see. ref. 
IV-76. These "data of Interest 1n motor 
learning.) V 

2. Work metabolism experiments conduct- \ 
ed on all Skylab missions (ref. lV-48) 
and under 1g conditions (ref.. IV-78). (No 
decrement noted in energy expenditure 
and associated measures In spacQ; see 

ref. IV-48. Exercise programs in space 
reduced level of postflight decrennronts. , 
Instrumentation, and data of Interest to XII. 
; ' exercise phyilologlsts.) 

H. Blochemioal J'Qponses. ; 

1, Measures taken^ In Skylab (rof. IV-79) 
and prior tp Skylab (rof. IV-80) to evalu- 
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ate fluid-electrolyte balance, regulation 
of metabolism and calcium balance, gnd 
adaptation to environment. (Exception- 
ally broad array of data including eplne- 
^phrlne, 17-ketOsteroid8, sodium, potas- 
sium, creatinine, growth hormone, 
ACTH, calcitonin, and aldosterone. 
These data significant in differentiating 
* effects Of weightlessness, adding' infor- 
mation concerning adaptation to multi- 
ple stressors, specific effects of exer- 
* else regimens, and the interrelations of 
parameters measured.) 
I. Anthropometric changes and> fluid shifts by 
measures in Skylab of girth, leg and arm 
volumes, center of gravity, and observa- 
tlons^f postural changes (ref. IV-49), (Arm 
girth and volume measures decreased 
slightly but leg. girth and volumes decreaeed , 
significantly in flight. Center of gravity 
was raised in body and postural changes 
related ^ to greater tone in antlgravlty 
muscles were observed. These data are 
significant in anthropometric, body com- 
position study. Anthropometric studies were 
supportive of the fluid redistribution.) 
JsloJse and ^vibration (ref. IV-01). 

A. Physiologic and psychologic effects of 
noise, preferred' and nonpreferred octave 

* bands, noiSe exposure indi9es, human tol- 
erance levels, mettiods of protection. (Ex- 
cellent summary, relevant to Industrial and 
community health and to noise pollution.) 

B. Effects of vibration on cardiovascular' sys- 
tem^ muscles, and psychologic effects of 
vibration. (Criteria and Hmits of human ex- 
posure to vibration of interest in industrial 
and community health.) 

Radio^fr'equency and microwave energies (ref. 
IV-82). Biologic effects 6f these energies and 
of electric and magnetic fields and their in- 
fluences on humao functional abilities. (Re-, 
views pathophysiologlp effects such as cata- 
ract formation, sterility, 'visceral, blood, cardio- 
vascular, and central nervous ^stem. Pernpis- 
sible fovels and behavioral effects are pre- 
sented. Data particularly relevant to family, 
industrial, and commtmity heftlth.)^ . 
Ultraviolet, visible, and infrared rays (ref: IV- 
63). 

A. Reviews ^J)lologlc effects and sources of 
each of "^the radiative energies. (Data of 
interest in family and industrial health and 
Industrial management.) 

B. . Standardization values and the pathologic 

etfects that occur If they are exceeded. 
(Rate of earning has been' shown to* be 
^ affected.' Is this 'of significance in family 
exposure?) 

lohizini) radiation (rof. IV-29). Effects of cosmic 
radiation and hazards from continued expo- 
mro. Biological effects of superheavy, high- 
velocfty particles: chromosomal breaks, non-. 
specific sclerosis, neoplasms, and leukemia. 
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Radiation resistance and allowabie dose levels IV-2. 
(ref. (Data significant to health and a 

factor to consider in longer space missions. 
Skylab crews have, had the greatest exposure, 
but dose equivalent radiation was within limits IV-3, 
set; see ref. IV-84, Observed light flashes be- 
lieved to be associated with heavily ionizing . 
cosmic particles; see ref. IV-85. These data 
extremely important to future long-duration IV-4, 
space flights. No detectable effects on human 
embryonic lung cells in tissue culture observed 
on Skylab; see ref, IV-86. These data of ex^ 
treme interest to radiobiologists and to in- lv-5. 
dustrial health professionals.) 

XIII. Biological rhythms (ref. IV-87). Review of cir- IV-6, 
cadian rhythms, limits of dally patterns. Great- 
er stress tolerated at certain parts of the day. 
Disruption of rhythfns causes mismatching and 
lowered stress tolerance. Need indicated for 
maintenance of exercise to contribute to a 
sound pattern o| wakefulness and sleep. (Data 
significant to coaches or to anyone wishing to 

^ be "up'* at some given lime. Disruption' of 
^ • pattern by crossing time zones or attempting 
\ to perform at other than habitual times will 
j'esult in poor performance. "Jet lag" an im- 
' portant factor.) 

XIV. Psychophysiological stress of space flights 
(ref. IV-27). Analysis of ^emotional stress, cos- 
monaut personality types that respond best, 
factors causing neuroemotional stress, inflight, 
sensory deprivation and 'methods of overcpm^ 

ing it, response to multiple stressors, social IV-IO. 
psychology of space applied to organization of 
crews and personality types, ty^onitoring and 
prophylaxis of neuroemotional stress in cos- 
monauts. (Data highly relevant to structure of 
teams, understanding of multiple stressors, IV-H. 
prevention and alleviation of neuroemotional 
stress in., new space situations. D'^ta on sen- , 
sory deprivation and prophylaxis of its effects IV-12. 
highly relevant to recreation and the basic con- 
cepts underlying recreation. Due to narrower l\/-13. 
environmental restrictions, space recreation 
assumes new limits and directions. These data l\/-14. 
equally significant to maintenance of mental- 
emotional health.)' 
XV. Combined effects of flight factors (ref. l\/-28). 
Review of multip.le str^sors and alternative 
responses to the Stressors. (Highly significant; 
brings together new information on "cross re- 
sistance" and respcinses to multiple stressors. 
Of great value to exercise physiology, curricu- 
lum planners, and to health.) 
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Glossary 



ACTH, The adrenocorticotropic hormone se- 
creted by the anterior pituitary. Activates the 
adrenal in stress. « 

' Adrenal corticolds. Secretion^ of adrenal cor- 
tex, glucocorticoid?, or mineralocorticoid. 

Aerobic capacity. The maxllnum amount of 
oxygen that can be taken up per minute, 

^ Aldosterone, The prir)cipal electrolyte^regulating 
/ steroid secreted by the adrenal cortex. 

iA//ergen/c. Capable of producing an allergy. 

^mino acids. Organic acid in which one of the 
hydrogen atoms has been replaced by NH, The 
amino acids are the basis for the proteins. 

Anthropometry, The part of aiithropology that 
deals With measurement of the human body. 

AniidiufBticJinrmnDB^ hormone of the pituitary 



that suppresses the secretion of urine. 

Arrhythmia. Variation from the normal rhythm 
of the heart. 

Astrophysics. The branch of astronomy that 
deals with the physical nature of the heavenly 
bodiesf 

/Ifroprty. Decrease in size or a wasting away. 

Blood plasma. The liquid component of the 

blood in which the corpuscles are suspended. 

■> 

Calcitonin, Hormone involved in calcium bal- 
ance. Action is antagonistic to parathyroid hor- 
mone. 

Calorie. Aijiount of heat required to raise the 
temperature of ,1 gm of wat6r 1 degree C: One 
kilocalorie is the amount of heat required to 
raise the temperature of 1 kilpgram of we^er 1 
degree C. 

Cardiac output. The amount of blood pumped 
by the heart per minute. 

Cardiovascular, Referring to the heart, arterial, 
and venous tystem. 

Calglum balance. Dietary ingestibn-excretlon 
b&lance of calcium. If balance is negative, .cal- 
cium is being lost from bones. 

Catecholamines, Usually refers ^to epinephrine 
and norepinephrine. 

Central nervous system (CNS). The brain and. 
spinal cord, 

■ ■ ^ ft , 46 



Chromosome, /K rodrshaped or thread-like Body 
o^ chromatin in the -^cell nucjeus; carrier of 
genes, 

Circadian rhythm, A rhythm with a period of 
about 24 hours, applied especially to tfie rhyth- 
mic repetition of phenomeaa'in living organ- 
isms at abgut the same time each day, • 

Convection, Motions within a ftuid resulting in 
transport and mixing of the conlponents of that 
fluid. 

Corona. The tenuous envelope olf the Sun, be- 
ginning about 14.000 km above the solar surface 
and extended many million kilometers into 
space. I 

Cosmic rays. Radiation of intehse penetrating 
power and high frequency impinging upon the 
Earth from outer space. , 

Creatinine, An alkatoid derivative of creatine. 
A product of muscle metabolisn^, 

cross resistance. Resistance jo a stressor re- 
sulting from adaptation to a different stressor. 

Cytogenic, Relaied to the formation of cells. 

Diastolic pressure. The point| of least pressure 
in the arterial vascular syster 

DNA, Deoxyribonucleic acid, la complex organic 
acid believed to carry, all tifte hereditary traits 
coded in sequence along its length. 

* Dosimeter, An instrument far measuring the ac- 
cumulated flux of particle or photon radiations: 

Ecology, The study of orgpisms and their en- 
vironment as a whofe I « ' ^ 

EfectrdCardiogram. A record of the changes 'of 
electric poter>tial occurring during the heart- 
beat. ' ' . / ' 
Electroencephalogram, A; record of brain waves. 

ElBcti^on. A negatively c^harged particle In the 
. atom, 

Electro-oculogrSphy, « Oculography (r^ording 
eye movements) using electrodes to detect a 
standing potential difference between the front 
and back of the Eyeball, 

Electrophoresis. The movement of molecules 
through a fluid under thelictlon,of an external 
electric field. Positively charged particles ml- 
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grate to the cathode and negatively ^charged 
particles migrate to the anode. 

EnzymoTiAr) organic compound capable of ^- 
celeffatlng or producing by catalytic action some 
change in an organic substance for which It Is 
often specified: *( 

Epinepljrine. Adrenalin secreted by the adrenal 
medulla and sympathetic nerve .endings. Its 
action is to prepare the organism for **fight or 
ftight." 

Ergometer, A device for measuring energy ex- 
pended or work done. 

Exer-genie. A commercial exercise device 
primarily for strength development. 

Exothermic, A process which releases, rather 
th^ absorbs, heat energy. 

fxfrai^asca/ar. \Outsjde the blopd vessels or 
lymphatics. \ 

Fatty acids. Any acid which in cof1ibinati6n with 
glycerine forms fat. 

Frank lead. Specific electrocardiograph Jead 
for determihing vectors. * ^ 

~gr"ATrriit of force^equalTosfarii^rd gravitational 
acceleration on Earth, 980.665 cm (32.2 ft) per 
sec% at the Earth's surface. 

Germanium, A metal used, as a semiconductor 
in transistors. 

Glucocorticoid, Hormones of the adrenaPcortex 
that affect the metabolism of glucose*. The prin- 
cipal glucocorticoid is Cortisol. . 

Glycolytic, Prefers to breakdown of glucose. 

Hematocrit, An instrument for separating blood 
plasma from* cells. 

Hemafo/ogy. Study of the blood, blood forming 
tissues, and'diseases of the blood. 

flemodynamids. The study of blood circulation. 

WeA7?o/ys/s^The C^issolution of the red blood cells 
with Jiberation of their hemoglobin.^ 

Hg. Mercury. * \ 

IHomeostasis, Balanc^ of the internal environ- 
merit of the body. 

HunwraL Pertaining to fluid or semifluid sub- 
stances in the body. ' . 

Hydrostatics. The science of the pressure and 
' ecjuilibrium of fluids. 

Hydroxy proline. An imino acldifound in the hy- 
drolysis products of .collagen; found in proteins 
of connective tissue. , 

Hyperoxia, An excess bf oxygen. ' 



IHyperplasla. Increase In muscle or organ We 
associated with an Inarease in nuhbers of cellV 

Hypertrophy, Increase in size* of a muscle or 
organ associated with Increase in cell size but 
not in number of cells. 

Hypodynamia. Inactivity. Very tittle physical 
activity. 

Hypoxia, Deficiency of oxygen. 

Infrared. Beyond the' red enfll 'of thq visible 
spectrum; denoting certainjnvisible heat rays.^ 

Inhibition, The slowing down or arrest of func- 
tion of an organ or part. i 

In vivo. In the living body. 

Ionizing raaf/af/on., Radiation from galactic, cos- 
mic, and solar sources and Earth's radiation 
belt capable of producing ions, directly or in- 
directly, in its passage through matter. 

Ionosphere, Region of ionized gases surround- 
ing the Earth extending from about 60 km (37 
mi) to several hundred km (perhaps 35!0 mi). 
Isometric, contractions. Muscular cofitractions. 
with no loin t mov e men t, from a fixed posiTiqn. 
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'Jugular veins. Large veins in the nebk that re- 
turn blood from the head. - . , 

17-ketosteroids. Any steroid with a ketone 
group in position 17; commonly used to desig- 
nate urinary C,,- sieroidal metabolites of andro- 
genic and adrenocortical hormones with this 
features. ( ^ 

Laser, From light amplification by stimulated 
emission of radiation. A device for producing 
light by ""err^ission of energy stored in a molec- 
ular or atomic system when stimulated by an 
input signal. 

Lean body mass. The fat-free portion of the 
' body composition usually considered 'Without 
the skeletal weight. Considered to consist pri- 
marily of muscl6' tissue. 

Leukocytes. White blood cells (i.e., neutrophils, 
eosinophils, basophils, monocytes, lymph- 
ocytes), which help maintain the body's im- 
munity tojnfection and harmfjjl bacteria. 

Lipid peroxidation. Oxidation of fatty acids. Of 
particular importance relevant to peroxidation 
of cell membranes, resulting in *'leaky" cells. 

Lymphocyte. Lymph cell or white blood cor- 
puscle without cytoplasmic granules. 

Mass spectrometer, /\n instrument ih^t deter- 
i mines atomic masses and the relative abund- 
ance of isotopes in an element. ^ ^ 



tween living organisms and the environment by 
which energy for nfiaintaining iife is secured. 

Microwave, Microelectric waves; the shortest 
wave lengths of the Wdio wave spectrum/ in- 
cluding the region with wave lengths pf 1. trim 
to 50 cm. . \ o 

Mini-gymj, A commercial exercise device. ' > 

Morphology. Branch of biplogy dealing with the 
form and structure of animals and plants. 

Nitroqer) balance. Dietary ingestion-excretion 
balance of nitrogen. If balance is negative, nitro- 
gen i& being lost indicating loss of protein. ^ - 

Norepinephrine, A hormone secreted by the 
adrenal medulla in response to stimulation in 
the viscera. ' / 

One g. The gravitational attraction on Earth. At 
sea level the attraction is 32.2 ft/sec'. 

Orthostatic. Characterized by or caused by the 
erect poSture. 

Os calcis. The heel bone. 

Oscillate, To swing back and forth 
— pendu4iimT 
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X)smols^ity, The property of a liquid to exercise 
art osmotic pressure because it contains an 
electrolyte in solution. 

Par//a/ pressured Pressure of a single gas in a 
mixture. In air, at sea level (760' mm Hg) the 
oxygen percentage is 20.93% with a partial 
pressure of 159.07 mm Hg (760 mm Hg X 
20.93%). 

Path6ger)ic, Productive of disease. 

Photogrammetry, The art and technique of tak- 
ing accurate measurements by means of phojo- 
grapj^s. 

-Photometer. An instrulneht for measuring the 
Intensity of light by comparing it with a stand- 
ard. 

Photon, A corpuscle or particle of light, a quan- 
tum of light. 

Photosynthesis, The production of carbohy- 
^drates in plants under the influence of light, 
combining carboy dioxide dnd water in the 
presence of chlorophyll. \ > > 

Plasma. The fluid part of the b|ood. 

Plethora. A superabundance or'excess. ; 

Plethysmographr An instrument for determining 
and registering variations in the size of an 
organ or limb. 

Polychromtc, Many colors. May refer to changes 
or absorption depending upon usage. 



Proprioceptors. Sensory receptors in joints and 
muscular system that provida Information con- 
cerning stretch, position, and tension to the 
brain. 

Protocol, The plan and rules of procedure 'for/ 
an experiment. 

Proton. Positively charged nuclear particle in 
an atom,, 

Pulmonarf Junction, Lung function; tests reflect- 
ing lung funcTions. 

Pulse pressure. The difference between the sys- 
tolic and diastolic blood pressure. . ^ 

_ Radius, Large bone of the forearm. k 

Respiratory exchange ratio (R or RQ), The Patio 

ofjhe rate of carbon dioxide output divided by 

the rate of oxygen intake. 

Reticulocytes, Incompletely formed red blood 

cells, ^ ^ 

RNA, Ribonucleic acid, a nucleoproteip' found 

ip the cell's cytoplasm. . ^ * 

Saturn V. The launch vehicle developed for the. 
^poHo^^unawfsslons. i 

'Semicircular cana/s. --Structure in the inner ear 
responsible for the detection of angular ac-^ 
ceieration. 

ServofeedbaaH, the proprioceptive mechanism 
that provides the basic information or feedback 
for adjustments in posture and movements to be 
made. 

^ Shuttle missions, Ttie missions scheduled for 
the 19803 in V/hich reuseable vehicles will 
shuttle pay loads to and from orbits. 

SMEAT. Skyl^ Medical ExperimjBnts Altitude 
Test. ' • 

Solenoid. A coil of wire in the sh'ape of a 
cylinder With a current passed ^firdugh it; when 
. a bar of irC?n is placed in the cylinder, the iron 
core becomes a magnet causing movement. 
Useful in automatic units for turning valves or 
switches. 

Spectrohellogrgph, Modified spectrograph that 
permits taking pictures of the complete solar 
disk in monochromatic light. 

Spectrometer. An optical instrument for measur- 
ing the electromagnetic radiation spectrum, 

Spirometer. An apparatus for measuring lung 
capacity. ^, 

Sputnik. The initial unmanned satellites placed 
,in orbit by the Soviets, first on Oct. 4, 1957. 
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-StweophQidg}ammetry. Use pi aever^il pictures 
to provide for throe-dlmenslohal atiatysls In 
photdgrafnmetryj a 

^Stroke volume. Ifhe amount of blood pumped, 
l^r be^t of thQ heart. \ ^ 

Syncope. Fdlntlng. * 

SynBrgl$tjc. Cooperative action of discrete 
agencies such that the total effect Is greater 
than the sum of the inxjlvfduareffects. With two 
synergistic stressors the response Is, much 
greate/ than the sum of4he two. 

Syooptlc. Observing different objects, or differ- 
ent aspects of oneobiect, at the same time. 

Systolic pressure. Ttie highest pressure attained 
during contraction of the heart. In blood pres- 
sure measurement J t is i^e pressure at which 
the first heart sound i5 observed. 

Telemetry. Radio transrnisslon of data. 

Thoracolumbar spine. Includes the twelve 
thoracic and the five lumbar vertebrae. 



Toxh0l(i§y,-T^^ toxic or poisonous 

.substances, 

• ■ ■ - 

Toxin. A soluble poison produced and liberated 
by c^rtaliyDacterla and plants. ' . ^ 

Transducer. An electronic sensor ttielt converts 
one form of energy to another, typically sound 
or pressure Into an electrical Impulse. 

Ulna, Small bone of the forearm. / 

Vectorcardiograph. An Instrument for taking a 
graphic record of the magnitude and direction 
of the electricat potentials of the heart^_^^^^ 

Venous compliance. Distension or fiexlblll^ of 
the veins. , . . 

Vertigo. Sensation of dizziness^ giddiness, or of 
whirling or irregular motion. 

Vestibular. Pertaining to the organff of the inner 
ear that provide a. sense of equlilbrlum for ani- 
mals and man. 

Watt. A unit of power Representing work per 
unit of time-^'l joure/sec or 7.233 ft— lbs/sec,- 
746 watts = 1 horsepower. 
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Recent NASA Special Publication^ 
on^jkylab 



Belew, Leiand F., ed.iSkyl9b{ Our First Sp&ce 
Station. Washington, D.C., U.S. Govt. Printing 
Office; 1977. 164pp. $7.00 (NASA SP-^OO) 3300- 
00670-5 , , 



bffjce, 1977. 182pp. $8.25 (NASA SP-401) 3300- 
>00678-1 . . 



Eddy, 'John A. A New Sun, f/)6» Solar^ Results 
■ { frdm ^^kylab. Washington, D.C., U/S. Govern-* 
ment" Printing .OfficO, 1979. 198p, $10.50 
(NASA SP-402) 3300-00742-6 • 



Johnston, i^ichard S. and Lawrence F. Dietieint 
eds. Biomedipal Results from S/cy/a6. ^Washing- 
ton, D.C. U.S. Govt. Printing Office, 1977. $10.50. 
(NASA SP-377) 3300-00648-9 * V ^ 

Summeriin, Ue R.,^df'skylab, Classroom in 
Spacf. Washington^ . D.c!, *U.S. Govt. Printing 



. NASA Lyndon. B. Johnson Space Center, 
Skylab Explores the Earth. Washington, D.C;, 
U.S. Govt. Printing Office, 1977.* 51 7pp. $15.00. 
^NASA SP-380). 3300-0674-8 

U.S.^ NASA4-ynd6n B. Johnson Space Center, 
Skylab EREP Investigations Summary. Wash-, 
. ington, ^b.C, U.S. Govt. Printing Office, .1978. 
386pp. $13,50 .(NASA SP-399) 3300^00741-8 

Other NASA Special Publicatiohs on Skylab ex- 
periniep4s and their results are now In prepara- 
tion. 
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